The effect of soil fertility levels on the dry weight and nutrient composition of corn plant parts during the seed-filling period by El-Hout, Nael M.
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1987
The effect of soil fertility levels on the dry weight
and nutrient composition of corn plant parts
during the seed-filling period
Nael M. El-Hout
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agricultural Science Commons, Agriculture Commons, and the Agronomy and Crop
Sciences Commons
This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University
Digital Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
El-Hout, Nael M., "The effect of soil fertility levels on the dry weight and nutrient composition of corn plant parts during the seed-
filling period " (1987). Retrospective Theses and Dissertations. 8531.
https://lib.dr.iastate.edu/rtd/8531
INFORMATION TO USERS 
While the most advanced technology has been used to 
photograph and reproduce this manuscript, the quality of 
the reproduction is heavily dependent upon the quality of 
the material submitted. For example; 
• Manuscript pages may have indistinct print. In such 
cases, the best available copy has been filmed. 
• Manuscripts may not always be complete. In such 
cases, a note will indicate that it is not possible to 
obtain missing pages. 
® Copyrighted material may have been removed from 
the manuscript. In such cases, a note will indicate the 
deletion. 
Oversize materials (e.g., maps, drawings, and charts) are 
photographed by sectioning the original, beginning at the 
upper left-hand comer and continuing from left to right in 
equal sections with small overlaps. Each oversize page is 
also filmed as one exposure and is available, for an 
additional charge, as a standard 35mm slide or as a 17"x 23" 
black and white photographic print. 
Most photographs reproduce acceptably on positive 
microfilm or microfiche but lack the clarity on xerographic 
copies made from the microfilm. For an additional charge, 
35mm slides of 6"x 9" black and white photographic prints 
are available for any photographs or illustrations that 
cannot be reproduced satisfactorily by xerography. 

8716761 
El-Hout, Nael M. 
THE EFFECT OF SOIL FERTILITY LEVELS ON THE DRY WEIGHT AND 
NUTRIENT COMPOSITION OF CORN PLANT PARTS DURING THE SEED-
FILLING PERIOD 
Iowa State University PH.D. 1987 
University 
Microfilms 
I n te r n ât i 0 n â I 300 N. zeeb Road, Ann Arbor, Ml 48106 

PLEASE NOTE: 
In all cases this material has been filmed in the best possible way from the available copy. 
Problems encountered with this document have been identified here with a check mark V . 
1. Glossy photographs or pages 
2. Colored illustrations, paper or print 
3. Photographs with dark background 
4. Illustrations are poor copy 
5. Pages with black marks, not original copy 
6. Print shows through as there is text on both sides of page 
7. Indistinct, broken or small print on several pages 
8. Print exceeds margin requirements 
9. Tightly bound copy with print lost in spine 
10. Computer printout pages with indistinct print 
11. Page(s) lacking when material received, and not available from school or 
author. 
12. Page(s) seem to be missing in numbering only as text follows. 
13. Two pages numbered . Text follows. 
14. Curling and wrinkled pages 






The effect of soil fertility levels on the dry weight 
and nutrient composition of corn plant parts 
during the seed-filling period 
by 
Nael M. El-Hout 
A Dissertation Submitted to the 
Graduate Faculty in Partial Fulfillment of the 
Requirements for the Degree of 
DOCTOR OF PHILOSOPHY 
Department: Agronomy 
Major: Soil Fertility 
Approved: 
of Major Wo. 
F^r the Major Department 
Iowa State University 
Ames, Iowa 
1987 
Signature was redacted for privacy.
Signature was redacted for privacy.
Signature was redacted for privacy.
ii 
TABLE OF CONTENTS 
Page 
INTRODUCTION 1 
LITERATURE REVIEW 3 
Growth Stages of Corn 4 
Growth and Accumulation of Dry Matter in the 
Whole Plant 7 
Growth and Dry Matter Production of Individual 
Plant Parts . . 10 
Chemical Analyses of Corn Plant Parts 18 
Nutrient Uptake and Distribution in Different 
Corn Plant Parts 21 
Nitrogen, phosphorus, and potassium 22 
Sulfur 30 
Calcium and magnesium 33 
Boron, copper, iron, manganese, and zinc 37 
Aluminum and sodium 45 
MATERIALS AND METHODS 48 
Location 48 
Fertility Treatments and Experimental Design 49 
Crop Management Factors 50 
Sampling Procedures 55 
Chemical Analyses of Plant Material 63 
Statistical Analyses 66 
RESULTS 68 
The P-K Experiment 68 
Soil test results 68 
1984 data 70 
1985 data 113 
iii 
Page 
The N-P-K Experiment 137 
Soil test results 137 
1984 data 141 
1985 data 208 
DISCUSSION 229 
Dry Weights 229 
Nutrient Concentrations 239 
Nutrient Contents 252 
SUMMARY AND CONCLUSIONS 260 
BIBLIOGRAPHY 270 
ACKNOWLEDGMENTS 282 
APPENDIX A 283 
APPENDIX B 342 
1 
INTRODUCTION 
The literature contains much information concerning 
dry matter accumulation and nutrient concentration and dis­
tribution in different parts of corn plants throughout the 
growing season. However, very few experiments have been 
conducted to study the effects of different fertility levels 
on these functions (Hanway, 1962a,b,cj Jordan et al., 1950). 
During the last 30 years, corn yields have increased 
dramatically as a result of increased fertilizer usage, 
improved hybrids, higher plant densities, and other improved 
management practices. Hence, new information concerning the 
growth and mineral nutrition of corn plants at present levels 
of crop production should be very useful in planning corn 
production practices. 
Al-Ansari (1982, 1985) recently reported on the accumu­
lation of dry matter and the uptake, concentration, and dis­
tribution of 13 elements in the different corn plant parts 
throughout the growing season as influenced by levels of P 
and K availability in the soil. His much needed work, 
however, was limited to three levels of soil-available 
P and K, one level of fertilizer N, and less than adequate 
replication of each fertility level. Al-Ansari's (1985) use 
of only two replications was imposed by the otherwise tre­
mendous number of plant samples that he would have had to 
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chemically analyze at a prohibitive cost. 
The primary objective of the work reported in this manu­
script was to study the effect of N, P, and K fertility levels 
on the growth and composition of the corn ear and its compo­
nents and of vegetative plant parts as related to ear develop­
ment. Plant samples were collected periodically during the 
seed-filling period of plant growth for this purpose. Re­
striction of measurements to the reproductive stages of plant 
development permitted inclusion of a satisfactory range of 
fertility levels and an increase in treatment replications. 
Only two replications were used when whole-plant samples 
were collected, but in most cases, four replications of each 
fertility level were sampled for the measurement of dry 
weight of leaves, leaf sheaths, and ear parts, and three 
replications were sampled for nutrient analysis. Corn plant 
parts were analyzed for N, P, K, S, Ca, Mg, Mn, Fe, B, Cu, 
Zn, Al, and Na. 
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LITERATURE REVIEW 
A large volume of research has been conducted on the 
seasonal development of corn and the mineral absorption and 
translocation within the plant throughout the season. Nelson 
(1956) reviewed at great length the early literature on the 
subject. With the exception of one study, none of the 
studies reviewed provided adequate information regarding the 
growth and development of field-grown corn plants as influ­
enced by different levels of soil fertility. The work, of 
Jordan et al. (1950) provided a comparison of the effect of 
fertility levels on these functions, but the plants were 
separated into only three parts: leaves and stems, husks 
and cobs, and grain. 
Hanway (1962a,b,c) later published a series of articles 
on the effect of different fertility levels on dry matter 
accumulation and nutrient uptake, distribution, and.redis­
tribution in the different plant parts throughout.the grow­
ing season. Al-Ansari (1982, 1985) recently studied accumu­
lation of dry matter and the uptake, concentration, and dis­
tribution of 13 elements in corn plant parts throughout the 
growing season as influenced by levels of P and K avail­
ability in the soil. The reader is referred to Nelson's 
(1956) review and Al-Ansari's (1982, 1985) studies for addi­
tional coverage of this subject. 
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Growth Stages of Corn 
Many experiments have been conducted in the last 50 
years on the developmental progress of the corn crop as re­
lated to grain yield. Shaw and Thorn ( 1951a,b) described th"è 
phenology of early, medium, and late maturing varieties of 
field corn during the vegetative and reproductive periods of 
growth. They divided the vegetative period into 3 intervals 
consisting of planting to emerging, emerging to tasseling, 
and tasseling to silking. The length of all 3 intervals 
was found to depend on environmental conditions, especially 
temperature and moisture, but the interval from emerging to 
tasseling was the most variable and had the most effect on 
changing time of maturity. On the other hand, the periods 
from silking to maturity were very constant for the three 
hybrids in spite of widely varying weather conditions. 
Hallauer and Russell (1962) also reported a constant length 
of period from silking to maturity. However, Daynard and 
Kannenberg (1976) and Hanway and Russell (1969) found that 
the grain-filling period varied with different hybrids. 
Hershey (1934) and Paddick (1944) divided corn plant 
development into five stages, and studied the relation of 
each to final yield. With only slight modifications, Shaw 
and Loomis (1950) also divided the development of corn into 
five partially independent periods of growth for determining 
their effect on final crop yield. These periods were 
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(a) germination and early seedling growth, which determine 
stand; (b) vegetative growth to tasseling and silking, which 
determines the absorptive and photosynthetic capacities of 
the plant; (c) pollination and fertilization, which fix the 
possible number of kernels per plant; (d) grain growth during 
a 3-week period of active cell division, which largely fixes 
the final number of kernels; and (e) filling of the grain 
during four weeks of translocation and storage, when the 
actual grain crop is produced. 
In order to facilitate and improve the evaluation and 
comparison of data from different studies, and based upon 
the importance of sampling com plants at definite stages of 
plant development, Hanway (1971) proposed a 10-stage plant 
development system. These stages range from 0 when the plant 
tip emerges from the soil to 10 when the plant is physio­
logically mature (at approximately 60 days after silking). 
Stages 1 through 5 represent full emergence of the 4th, 
8th, 12th, and 16th leaves, and silk emergence and pollen 
shed, which take place at approximately 2, 4, 6, 8, and 9^5 
weeks after plant emergence, respectively. Stages 6 through 
9 represent the blister, dough, dent, and fully dented 
stages, which take place at 12, 24, 36, and 48 days after 
silking, respectively. 
Hanway*s (1971) system has recently been modified. The 
new system (Ritchie and Hanway, 1982) divides plant develop-
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ment into vegetative (V) and reproductive (R) stages. The 
first and last V stages are designated VE (emergence) and 
VT (tasseling). Subdivisions of the V stages between VE and 
VT are designated VI, V2, V3, etc. through Vn, where n repre­
sents the last leaf stage before VT for the specific hybrid 
under consideration. The reproductive stages are respective­
ly designated Rl, R2, R3, R4, R5, and R6 for silking, blister, 
milk, dough, dent, and physiological maturity. This division 
of growth into vegetative and reproductive stages is quite 
appropriate, especially when measurements made during the 
vegetative stages of growth help determine the yielding po­
tential of the plant, while those made during the reproduc­
tive stages begin to measure yield itself (Shaw and Loomis, 
1950). Kiesselbach (1950) determined the dry weight of corn 
at different stages of development during the seed-filling 
period and found the following percent of maximum yields at 
the different stages: late milk, 55; roasting ear, 78; 
denting, 90; glazing, 98; and maturity, 100. 
Peaslee (1977) found that high N fertility rates 
slightly shortened the vegetative period but did not influ­
ence the length of the grain-filling period. Peaslee et al. 
(1971) reported that corn fertilized with higher rates of P 
and K also tended to have a shorter vegetative period. They 
also showed that P rates had little effect on the length of 
the grain-filling period for early planted corn, but 
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lengthened the grain-filling period for late planted corn. 
Potassium rates were positively correlated with the length of 
the grain-filling period for both early and late plantings. 
Several workers (Crosbie and Mock, 1981; Daynard and Kannen-
berg, 1975; Daynard et al., 1971; Hanway and Russell, 1969; 
Peaslee et al., 1971) have shown that the length of the seed-
filling period is positively correlated with corn yield. 
Growth and Accumulation of Dry Matter 
in the Whole Plant 
Many factors have been reported to influence the size 
of the corn plant, number and size of the leaves, length of 
time between different developmental stages, and the final 
crop yield (Eisele, 1938; Hanway, 1962a, Jordan et al., 1950; 
Kiesselbach, 1950; Nelson, 1956; Peaslee et al., 1971). Such 
factors include variations in weather, plant population, 
hybrid, fertility level, cropping history, date of planting, 
and location. Nevertheless, all normal corn plants follow 
the same general pattern of plant development (Bair, 1942; 
Chandler, 1960; Hanway, 1965; Hanway and Russell, 1969; 
Jones and Huston, 1914; Jordan et al., 1950; Kiesselbach, 
1950; Ritchie and Hanway, 1982; Sayre, 1948). 
Accumulation of dry matter in the total above-ground 
plant parts tends to follow a characteristic sigmoid-shaped 
curve (Bair, 1942; Chandler, 1960; Jordan et al., 1950; 
Sayre, 1948). After the seed germinates and the plant begins 
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to grow, it progresses through a period of vegetative growth 
followed by flowering, pollination, and subsequent grain 
formation. During the early period of vegetative growth, 
the rate of dry matter accumulation increases exponentially 
until enough leaves have developed to intercept most of the 
sunlight. Subsequently, the daily rate of dry matter accumu­
lation becomes essentially linear and continues until later 
in the seed-filling period when it decreases and stops at 
maturity. Dry matter accumulation follows this same pattern 
in each of the different plant parts beginning first with 
the leaves and leaf sheaths, then the stalk and tassel, 
followed by the husks, shank, and cob, and finally the grain 
(Hanway, 1965). As development of the leaves, stalk, and 
tassel approaches completion, the uppermost ear (or ears) 
develops rapidly. Pollen shedding begins 2 to 3 days after 
the tassel is fully emerged, and the silks emerging from the 
ear are pollinated within 4 to 10 days after tassel emergence. 
The cob grows rapidly during the next two weeks, and the 
fertilized kernels enlarge slowly to the blister stage. The 
rapid increase in grain dry weight takes place during the 
next 5 to 6 weeks as starch, protein, and oil are stored in 
the seeds and the embryonic plant develops in each kernel 
(Larson and Hanway, 1977). Approximately 50 to 60 days after 
silking, the seeds are fully developed as indicated by the 
development of the black layer (Daynard and Duncan, 1969) at 
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physiological maturity, after which, kernel change primarily 
represents a loss in moisture. 
The linear rate of dry matter accumulation over a major 
part of the growing season is fairly well documented (Al-
ansari, 1982; Chandler, 1960; Hanway, 1962a; Hanway and 
Russell, 1969; Jones and Huston, 1914; Jordan et al., 1950; 
Kiesselbach, 1950; Sayre, 1948). For example, Al-Ansari 
(1982) reported that beyond 44 days after emergence, dry 
matter accumulation was linearly related to time until late 
in the season. Silking took place during this linear growth 
period and occurred earlier at higher fertility levels than 
at lower fertility levels. Chandler (1960) reported that the 
curve for dry matter production was essentially a straight 
line throughout the major portion of the growing season. 
Hanway (1962a) observed a linear rate of dry matter accumula­
tion as a function of time between July 2 and September 4. 
This period corresponded to stages 3 to 9 (Hanway and Russell, 
1969) which are equivalent to stages V12 to R5 in the new 
system. Jordan et al. (1950) reported growth rates approach­
ing linearity where N fertilizer had been applied. Data 
published by other workers (Jones and Huston, 1914; 
Kiesselbach, 1950; Sayre, 1948) also support the hypothesis 
of a nearly linear rate of dry matter accumulation through a 
major part of the growing season. Sayre (1948), however, 
found that the maximum rate of dry matter production occurred 
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between July 26 and August 4, during which time tasseling and 
silking took place and increase in plant height had ceased. 
At tasseling and silking,. approximately one-half of the final 
dry weight of the plant had been produced. After grain forma­
tion started, all dry matter accumulation occurred in the 
grain with only a small loss from other tissues of the plant 
except the husks. 
Differences in soil fertility resulted in different rates 
of dry matter accumulation in the plant but did not markedly 
influence the relative proportion of different plant parts 
(Al-Ansari, 1982; Hanway, 1962a; Jordan et al., 1950). How­
ever, variations in the relative proportion of dry matter in 
the grain and nongrain plant parts were reported for differ­
ent corn hybrids (Hanway and Russell, 1969). Bryant and 
Blaser (1968) showed that the relative proportion of ear 
stalk, and leaves varied between an early and a late hybrid, 
but was influenced only slightly by differences in plant 
population or row spacing. 
Growth and Dry Matter Production of 
Individual Plant Parts 
Many successful studies have been carried out where the 
stover (leaves, sheaths, stem, husks, and shank) has been 
separated from the grain. Such studies have provided in­
formation on the growth and dry matter production of individu­
al plant parts as well as on the movement of material from 
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one tissue to another. In general, most dry matter accumula­
tion in corn plants during the period between emergence and 
silking occurs in the vegetative parts of the plant (leaves, 
leaf sheaths, and stems). After silking, growth of the 
vegetative parts stops and most of the photosynthate pro­
duced in the plant is translocated to the developing ears. 
Later in the season, as ear sink capacity becomes larger and 
the photosynthetic capacity of the leaves declines, some of 
the photosynthate that has accumulated in the vegetative 
parts of the plant is translocated to the developing ear, 
causing a decline in the dry weight of vegetative parts. 
There seems to be some disagreement in the literature, 
however, as to whether the dry weights of vegetative corn 
plant parts remain constant or decline after reaching their 
maxima. The following paragraphs discuss the contribution 
of different plant parts to total dry matter production and 
list some of the conflicting results obtained by different 
workers. A brief discussion of some possible reasons for 
the conflicting results will follow. 
Miller (1943) reported that corn leaves accounted for 
almost 100% of the dry weight of the plant during the first 
week following emergence. During the second week, the stem 
began to contribute a larger proportion of weight, and by 
the eighth and ninth weeks, the stems and leaves comprised 
an equal proportion of total dry weight. During the next 
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five weeks, the dry weight of the stems increased at a much 
faster rate than did the weight of the leaves. The husks 
and ears reached their maximum dry weights at the end of the 
13th and 14th weeks after emergence. At maturity, the leaves 
accounted for 20%, the stems 34%, and the ear 32% of total 
dry weight. 
Chandler (1960) reported that the weights of leaves, 
stalks, husks, and cobs increased fairly uniformly until they 
reached their maxima on July 31, August 28, September 1, 
and September 17, respectively, then remained constant there­
after. The grain showed the most rapid rate of increase in 
weight of any component part of the plant. This rapid rate 
was attained about September 5, the beginning of the dough 
stage. At maturity, the grain contributed 48% of the total 
dry matter yield, and the husks and cobs accounted for another 
20% of the total yield. 
Hanway (1962a) reported that the weight of each compo­
nent of the corn plant increased to a maximum then remained 
constant throughout the remainder of the season. He also 
observed a high correlation between the dry weight of the 
entire plant, including the grain, and the weight of plant 
leaves. Calculations made from his graphs show that, at 
maturity, the leaves accounted for about 10%, the leaf 
sheaths about 7%, stalk and tassel about 22%, the cob, husks, 
silks, shank, and lower ear shoots about 15%, and the grain 
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about 45% of the total dry matter yield. 
Hanway and Russell (1969) showed that the leaves, leaf 
sheaths, stalks, and husks attained their final mature 
weights at about stages 4.0 (V16), 4.5 (VT), 5.0 (Rl) and 
5.5 (R1-R2), respectively. All these parts, however, con­
tinued to increase in weight following these stages of de­
velopment, but this continued increase appeared to be an 
accumulation of materials which were later translocated into 
the developing grain, reducing the weights of these parts to 
values equivalent to the ones measured at the above mentioned 
stages. The cob and ear shank attained their maximum dry 
weights at about stage 6.5 (R2-R3) and showed no later de­
crease in weight. 
Al-Ansari (1982) observed little or no change in the 
dry weights of leaves after they attained their maximum dry 
weight until late in the season when leaf dry weight de­
creased slightly. The dry weights of vegetative parts in­
creased until 11 days after silking, remained constant until 
33 days after silking, then declined irrespective of fer­
tility level. He attributed this decline to movement of 
material from vegetative parts to the ear. Jordan et al. 
(1950) showed that in contrast to a continuous increase in 
the dry weight of the plant as a whole, an abrupt decline of 
dry matter accumulation in the vegetative parts took place 
after the roasting ear stage or early dent stage. All 
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increases in dry weights after these stages were accounted 
for by increasing weights of grain. Kiesselbach (1950) also 
observed that maximum dry weights of stover (entire plant 
minus the ear and root) were attained 3 to 4 weeks before 
maturity, whereas the fodder (entire plant minus the root) 
and ear corn yields increased to maturity. He concluded that 
these differences resulted from photosynthate movement from 
the stalks and leaves to the ears. Center et al. (1970) 
reported a decline in the dry weights of leaves, husks, and 
stem after the milk stage, and a significant increase in ear 
dry weight from milk stage to maturity. They concluded that 
translocation of materials from these plant parts might be 
a major source of dry matter accumulation in the ear. 
Beauchamp et al. (1976) found that the leaf weights of all 
the genotypes they studied increased during the first 14 
days after silking. Subsequently, with the exception of one 
inbred, leaf weights decreased during the 14- to 28-day period 
after silking. 
Petho (1967) demonstrated that the rate of dry matter 
accumulation in the leaves was different at different leaf 
positions, and was faster than the rate of dry matter accumu­
lation in the internode. He also found that ear development 
enhanced dry matter accumulation and physiological activity 
of neighboring vegetative organs. 
The conflicting reports on the status of stalk dry 
15 
weight during the seed-filling period are of interest. Jones 
and Huston (1914), Sayre (1948), Chandler (1960), Hanway 
(1962a), and Allison and Watson (1966) reported that stalk 
dry weights remained relatively constant after they had 
attained a maximum at, or a few days after, silk emergence. 
In contrast, Kiesselbach (1950), Daynard et al. (1969), 
Tollenaar and Daynard (1978), Bunting (1977), Tanaka and 
Yamaguchi (1972), and Perry and Compton (1977) reported re­
ductions in stalk dry weights during the seed-filling period. 
Below et al. (1981) found that three of five hybrids 
they studied had a larger weight of vegetative parts at grain 
maturity than at anthesis, while the loss of stover dry 
weight for the other two hybrids was negligible. By 42 days 
after anthesis, when the bulk of the ear weight had been 
acquired, the average gain in stover dry weight for the five 
hybrids was 12%. They attributed this increase to the de­
position of carbohydrates in the stalk, indicating adequate 
photosynthetic capacity of the leaves and adequate rate of 
supply of photosynthate to the ear. Research conducted in 
tropical areas also reports accumulation of stalk sugars 
throughout the seed-filling period (Goldsworthy and Cole-
grove, 1974; Goldsworthy et al., 1974; Palmer et al., 1973). 
Allison (1963) showed that stem weight increased until 
3-4 weeks after flowering. Subsequently, stem weights re­
mained constant when plant population was 23,000 plants/ha. 
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but decreased at higher populations. Johnson et al. (1966) 
measured a sizeable late-season decrease in stalk weight in 
one year, but not in another. Adelana and Milbourn (1972) 
found that losses of stem dry weight were equivalent to half 
the dry matter in the grain portion of the ear. 
Johnson and Tanner (1972) divided the total filling 
period of corn grain into (1) lag period, (2) grain-filling 
period, and (3) levelling off of dry matter accumulation. 
They found that about 90% of grain weight accumulated lin­
early beginning 2)g weeks after silking. Al-Ansari (1982) 
reported that the linear rate of increase in seed dry weight 
began at 22 days after silking, while Hanway and Russell 
(1969) observed the onset of a similar linear rate at approxi­
mately 12 days after silking. At any rate, the lag phase, or 
the period from anthesis until the onset of steady-state dry 
matter accumulation in the grain, is reported to be 2 to 3 
weeks in length (Tollenaar, 1977). 
During this lag period, photosynthate accumulation con­
tinues to take place in the vegetative parts of the corn 
plant. Daynard et al. (1969) attributed dry matter accumu­
lation in the stalks during the first three weeks after 
pollination to the inadequate ear sink capacity during this 
period. However, when the sink capacity became larger and 
the photosynthetic capacity of the leaf canopy declined, 
photosynthate translocation from the stalk to the ear caused 
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a decrease in stalk dry weight. The degree of assimilate 
translocation, therefore, is related to differences between 
the photosynthetic capacity of the plant (source) and the 
capacity of the ears (sink). 
In northern environments, grain yields tend to be re­
stricted by a source limitation caused by the earliness of 
flowering, the resulting small leaf area per plant, and by 
rapid grain dry weight accumulation which causes leaves to 
senesce early. High stalk sugar remobilization during grain-
filling is expected under such conditions. In tropical areas, 
grain yields tend to be restricted by a sink limitation; i.e., 
ear capacity is so much smaller than photosynthetic ability 
during grain-filling that stalk (also leaf sheaths, cob, and 
husks) sugars continue to accumulate throughout the period, 
and yield is not affected by minor reductions in leaf area 
during grain-filling. In intermediate temperate areas such 
as the Corn Belt of the United States, stalk dry weight gen­
erally decreases very little after maximum weight is achieved 
a few days after flowering. Grain growth almost parallels 
crop growth after flowering and yields seem to be equally 
limited by the source and sink (Bunting, 1977; Palmer et al., 
1973; Tollenaar, 1977; Tollenaar and Daynard, 1978). 
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Chemical Analyses of Corn Plant Parts 
The idea of using chemical analyses of a plant part to 
monitor its nutritional status has received a great deal of 
attention in the last 50 years. Pesek (1958) credited Macy 
(1936) with bringing together and integrating "the concept of 
the relationship between mineral concentration of an element 
in a plant and its yield which had been advanced by" earlier 
investigators. Macy (1936) developed the concept that the 
concentration of a particular nutrient element in a plant 
bears a definite relationship to the sufficiency of the ele­
ment for maximum yield. The central concept of this stheory 
is that there is a: 
Critical percentage of each nutrient in each kind 
of plant, above which there is luxury consumption 
and below which there is poverty adjustment, which 
is almost proportional to the deficiency until a 
minimum percentage is reached. 
Selection of the plant part which most reliably indi­
cates the relationship between chemical analyses and grain 
yield has been the objective of several studies. Sampling 
the whole corn leaf at the ear node or immediately above or 
below the node at tasseling or silk initiation has been the 
most common practice (Jones and Eck, 1973). Sampling the 
ear leaf at silking has three advantages: (1) the stage of 
growth and leaf position are easily recognized, (2) the rate 
of nutrient uptake by the plant at this stage reflects dif­
ferences in nutrient supply available from the soil and the 
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effects of other factors apparent in the composition of 
leaves, and (3) better relationship exists between leaf com­
position and yield or yield increase at this stage of growth 
than at any other known time (Duraenil and Hanway, 1955). 
Tyner and Webb (1946) conducted some of the first exten­
sive investigations on corn leaf analysis. Their studies 
concentrated on N, P, and K. Tyner (1946) was one of the 
first to define "critical" concentration as the concentra­
tion above which response to further fertilization of a 
certain nutrient was doubtful. He found these concentrations 
in corn leaves to be 2.90, 0.29, and 1.30% for N, P, and K, 
respectively. Tyner (1946) analyzed the sixth leaf from the 
base of the plant when the plant was in full silk. This 
procedure, with slight modifications, has been used by other 
investigators (Bennett et al., 1953; Dumeni1, 1961; Ellis 
et al., 1956; Fulton and Findlay, 1960; Grunes et al., 1961; 
Hanway et al., 1962; Krantz and Chandler, 1951; Melsted et 
al., 1969; Peaslee and Moss, 1966; Viets et al., 1954b; Voss 
et al., 1970). 
Munson and Nelson (1973) clarified the background of the 
concepts of critical level and sufficiency range of nutrients 
which had been variously interpreted in the past. They 
argued that the optimum concentration or critical level of a 
nutrient is more likely represented by a range of values 
rather than a point on a curve, since such values are 
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determined with an associated error. Dumenil and Hanway 
(1965) and Voss et al. (1970) reported that critical nutrient 
concentrations for corn ear leaves at silking varied with 
variations in weather, population, hybrid, and other factors. 
Jones and Eck (1973) reported sufficiency ranges and critical 
percentages of several elements in various corn plant tissue. 
The composition of leaves has been studied more exten­
sively than that of any other tissue of corn plants because 
they are easier to collect and to study, they reflect the 
response of the plant to fertilizers better than any other 
tissue, and they can be studied with little injury to the 
growing plant. They are also the main photosynthetic organ 
of the plant where most of the organic syntheses occur. The 
seed has been considered a less useful plant part to analyze 
for the determination of the nutrient status of the plant. 
Although the nutrient element concentration in the grain can 
be affected by fertilizer treatment and the nutrient status 
of the plant, yield of grain is usually affected more than 
grain composition. Pierre et al. (1977), however, hypothe­
sized that the N content of the grain should provide a mea­
sure of N sufficiency if the N percentage is related to the 
yield expressed as percentage of maximum rather than to the 
absolute yield or yield increase. Based upon that hypothesis, 
they determined average critical N percentages in the grain 
of 1.52% and 1.54% by means of a graphical and a regression 
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method, respectively. 
Jones and Eck (1973) emphasized the heterogeneous and 
ever-changing character of the nutrient status of the corn 
plant. Nutrient elements are not evenly distributed in the 
corn plant, and their concentrations in any one plant part 
change during the life cycle of the plant. Accordingly, 
they concluded that whole plant analyses, except for very 
young plants, were of limited value since the mixing of 
leaves, stalks, and other plant parts would result in a 
heterogeneous mixture of questionable value. 
The use of plant- analysis as a diagnostic tool has been 
used mainly for determining N, P, and K fertility require­
ments. Since 1960, however, the role and importance of 
micronutrients and their balance have been emphasized through 
plant analysis (Chapman, 1966; Jones, 1972; Peck et al., 
1969). 
Nutrient Uptake and Distribution in Different 
Corn Plant Parts 
Several workers have reported on mineral absorption and 
translocation within the corn plant as related to growth 
throughout the crop-growing season (Al-Ansari, 1985; Benne 
et al., 1964; Chandler, 1960; Gorsline et al., 1965; Hanway, 
1962b,c; Jenne et al., 1958; Jordan et al., 1950; Sayre, 
1948, 1955). However, only the studies of Al-Ansari (1985), 
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Hanway (1962b,c), and Jordan et al. (1950) were conducted at 
different fertility levels, and in the latter two, only the 
concentrations of N, P, and K in com plant parts were fol­
lowed throughout the growing season. 
Al-Ansari (1985) recently reported on the uptake and 
distribution of 13 elements in the various corn plant parts 
throughout the growing season as influenced by P and K 
availability in the soil. His much needed work, however, 
was limited to three levels of soil available P and K and by 
less than adequate replication of each fertility level. Al-
Ansari' s (1985) use of only two replications was imposed 
by the otherwise huge number of plant samples that he would 
have had to analyze at a tremendous cost. In addition, his 
work was conducted at one level of fertilizer N. 
The following paragraphs review the uptake of N, P, K, 
S, Ca, Mg, Mn, Fe, B, Cu, Zn, Al, and Na and their distribu­
tion in corn plant parts during the growing season as re­
ported in the studies cited above. Other references will be 
cited whenever appropriate. The reader is referred to the 
literature review of Al-Ansari (1985) for additional refer­
ences on the subject. 
Nitrogen, phosphorus, and potassium 
Several workers have reported that the most rapid rates 
of N, P, and K accumulation occur during the early part of 
the growing season before tasseling and silk initiation, and 
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that during this period, N, P, and K accumulate more rapidly 
than dry matter. This phenomenon also occurs in grain during 
its early development but to a much lesser extent than in the 
vegetative parts (Welch and Flannery, 1985). Early in the 
development of plant parts, K accumulates much faster than N 
or P, and its uptake is essentially complete before rapid 
grain development (Hanway, 1971), whereas the uptake of N 
and P continues until near maturity. As a result, most, if 
not all, of the K present in the grain at maturity has been 
translocated from vegetative plant parts even though the 
grain contains a much lower percentage of total plant K than 
that of N or P. Dry matter accumulates relatively faster 
than N, P, or K during later stages of growth, resulting in 
dilutions of these nutrients and lower concentrations as the 
corn plant develops. 
Jordan et al. (1950) noted that growth and absorption 
of N, P, and K by the corn plant were most rapid between the 
"knee-high" and tassel stages. Uptake of N and P continued 
throughout the season, while that of K stopped entirely in 
August. Sayre (1948) reported that at the time 50% of the 
dry matter had accumulated, 68, 56, and 95% of maximum N, 
P, and K had been absorbed, respectively. Hanway (1962b) 
showed that on July 2, when the stalks had just begun to 
elongate, the plants had accumulated 6, 17, 10, and 20% of 
the total dry matter, N, P, and K, respectively. At silking 
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time, July 19, the relative amounts accumulated were 44, 55, 
50, and 75% for dry matter, N, P, and K. respectively. 
A similar trend was reported by Jenne et al. (1958). 
Under normal soil moisture conditions, they found that at 
58 days after planting, dry matter production had reached 
10% of the final weight, whereas the relative uptake values 
for N, P, and K were 20, 20, and 40%, respectively. During 
the next 3 weeks, however, the relative values reached 
approximately 35, 55, 55, and 85% of the final totals for 
dry matter production and N, P, and K uptake, respectively. 
Nitrogen, P, and K are translocated from other plant 
parts to the grain as it develops. However, N and P are 
translocated in larger proportions than K (Hanway, 1952b). 
Translocation of N and P from the cob, husks, and stalk pre­
ceded that from the leaves. Potassium was translocated from 
the leaves prior to silking but there was relatively little 
translocation from the cob, husks, stalk, and leaf sheaths. 
At maturity, the grain contained about two-thirds, three-
fourths, and one-third of the total N, P, and K in the plant, 
respectively. About one-half of the N and P present in the 
grain at maturity had been translocated from other above-
ground plant parts. 
Hay et al. (1953) showed that the upper stalk and husk 
lost a greater percentage of their N to the developing grain 
than any of the other plant parts. However, from a quantita-
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tive standpoint, the greatest contributions of N were made 
by the upper leaves followed by the lower leaves. At maturi­
ty, 60% of the total grain N had been translocated from other 
plant parts. Approximately 60% of grain N came from the 
leaves, 26% from the stalk, 12% from the husks, and 2% from 
the shank. Beauchamp et al. (1976) reported a continuous 
decrease in stalk N, during a 28-day period after silking, 
and an increase in ear N which was inversely proportional to 
the decrease in stalk N. The quantity of N translocated from 
vegetative plant parts to the ear differed with different in-
breds and environmental conditions. 
Kissel and Ragland (1967) found that 65% of the N, 75% 
of the P, and 23% of the K present in the vegetative parts 
were translocated to the ear. Redistribution of N occurred 
mainly from the bottom stalk and the leaves. Redistribution 
of P occurred from all plant parts, and movement from repro­
ductive parts preceded that from the leaves. Redistribution 
of K took place from all plant parts except the stalk por­
tion, and the largest translocation of K was found to be 
from the leaf portions of the plant. 
Sayre (1948) reported N and P movement out of the cob, 
husk, stem, and leaves into the grain. In a subsequent study 
(Sayre, 1955), he reported that the N concentration of leaves 
decreased throughout the season. Phosphorus concentration 
tended to reach a maximum about the middle of the season, and 
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then to decrease from a very high concentration at the be­
ginning of summer to a rather low value at the end of the 
season. Chandler (1960) and Sayre (1948) suggested that some 
K was lost from the plant during the latter part of the sea­
son due to leaching or loss of plant parts. Sayre (1948) 
reported slight losses of K from the leaves, husks, and cob, 
and appreciable losses from the stem. In contrast, Hanway 
(1962b) reported continued K accumulation until later stages 
of growth with no late-season losses from the plant. More­
over, the K lost from the leaves late in the season appeared 
to accumulate in the stalk. Percent K in the leaves and leaf 
sheaths decreased gradually throughout the season, whereas 
percent K in stalks decreased until August and then slowly 
increased the rest of the season (Hanway, 1962c). Chandler 
(1960) also reported retention of accumulated K in the stalk 
and very small K accumulation in the grain. At maturity, 
the grain contained approximately 70, 82, and 21% of total 
plant N, P, and K, respectively. 
Many researchers have shown that the concentrations of 
N, P, and K in the vegetative parts of corn plants tend to 
increase from bottom to top (Al-Ansari, 1985; Beauchamp et 
al., 1976; Frolov and Tomshin, 1980; Gorsline et al., 1965; 
Hanway, 1962c; Munson and Nelson, 1973), at least during the 
early stages of plant development. For example, Hanway 
(1962c) and Gorsline et al. (1965) reported that percent P 
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in the vegetative parts increased from bottom to top of the 
plant during early stages. However, no appreciable differ­
ences were detected at the end of the season, possibly due to 
translocation of P into the grain. Hanway (1962c) reported 
that percent K in the different plant parts increased from 
bottom to top even in late season samples. Percent N in the 
leaves showed little difference from the bottom to the top 
of the plant until late in the season when percent N tended 
to be highest in those from the middle of the plant and 
lowest in those from the top and the bottom of the plant. 
Percent N in the leaf sheaths and stalks increased from the 
bottom to the top in the early samples, then showed no dif­
ference due to position until late in August, and finally 
decreased from bottom to top in September. Al-Ansari (1985) 
reported that the concentrations of P and K in all vegetative 
plant parts and of N in leaf sheaths and stalks increased 
from the bottom to the top of the plants prior to silking. 
Later changes in nutrient concentrations with position on the 
plant depended on soil fertility levels. 
Benne et al. (1964) reported on the percentages of sev­
eral nutrients in different corn plant parts during the grow­
ing season. They emphasized the wide variations that exist 
in nutrient concentrations of different plant parts at each 
sampling and in the same part at different samplings. 
It is well documented in the literature that fertilizer 
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applications of a certain nutrient usually increase its con­
centration in the plant (except in cases of extreme defi­
ciency where the application of the nutrient greatly increases 
dry matter and causes a dilution of its measured concentra­
tion, resulting in a C-shaped curve known as the Steenbjerg 
effect). However, the application of one nutrient may in­
crease, decrease, or have no effect on the concentration of 
other elements in the plant. Such nutrient interrelation­
ships are termed interactions and may occur in the soil, in 
the plant, or in both. Positive effects of one nutrient on 
the utilization of another are referred to as synergistic 
interactions, while negative effects are referred to as 
antagonistic interactions. 
Dumenil and Hanway (1965) summarized the effects of N, 
P, and K fertilization on leaf composition. They concluded 
that N fertilizer usually (1) increases leaf N but has little 
effect if leaf P is low; (2) may increase, decrease, or have 
no effect on leaf P, depending on the relative levels of each 
in the leaf, availability of both N and P in the soil and 
rates of N and P fertilizer; and (3) usually decreases or 
has no effect on leaf K and only rarely increases leaf K. 
Phosphorus fertilizer (1) usually increases leaf P, especial­
ly if K is deficient, but has little effect if N is deficient; 
(2) usually decreases leaf N, but may increase it if initial 
leaf P is very low and N fertilizer has been applied; and 
29 
(3) usually decreases the leaf K level but has little effect 
if the available soil K is high. Potassium fertilization 
usually increases leaf K and decreases or has little effect 
on leaf N and P, depending on their availability in the soil. 
Numerous interactions among nutrients have been described 
and are too extensive to review here. The reader is re­
ferred to the reviews of Adams (1980), Dibb and Thompson 
(1985), and Olsen (1972) for a detailed account on this 
subject. 
The data of Jordan et al. (1950) show a marked effect 
of the amount of applied N on N concentration in the entire 
topgrowth and a lesser effect on P and K concentrations. 
Hanway (1962b) reported that soil fertility levels resulted 
in differences in the amounts of N, P, and K in corn plants, 
but did not markedly affect the distribution pattern of these 
elements in different plant parts. Nutrient deficiencies 
resulted in greater differences in percent N, P, and K in 
corn leaves and leaf sheaths than in any other plant part 
(Hanway, 1962c). These differences were greatest near silk­
ing time but tended to disappear near maturity. 
Al-Ansari (1985) reported that increased PK availability 
in the soil resulted in slightly higher N concentrations in 
the leaf sheaths and stalks but not in the leaves, in higher 
P concentrations in all the vegetative plant parts, and in 
higher K concentrations in those parts at the higher fer-
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tility levels, but similar concentrations at low and mod­
erate fertility levels. The N and K concentrations in the 
husks and cobs did not vary markedly among different PK 
fertility levels. In later stages of grain development, the 
N concentration in the grain decreased as the PK level in­
creased, but the K concentration remained constant. The P 
concentration in the husks and grain increased markedly as 
the level of PK availability in the soil increased, but the 
P concentrations in the cobs were similar. 
Sulfur 
The increased effort to reduce air pollution by the use 
of low S fuels and advanced combustion techniques, the use 
of higher-analyses, essentially S-free fertilizers and pesti­
cides, and the increased S removal with increased crop yields 
will inevitably result in an increased need for S fertiliza­
tion of crops. Coarse-textured, well-drained soils that are 
low in organic matter content are most likely to be S de­
ficient. The need for S fertilization should be particularly 
related to the amounts of fertilizer N, since both nutrients 
are required for protein formation. This aspect becomes very 
important in corn because of its high N requirement. 
Reneau (1983) recently estimated the critical concentra­
tion of total S and the N:S ratio in corn ear leaves at silk­
ing to be 0.17% and 16, respectively. These values are in 
agreement with those published by other workers (Jones and 
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Eck, 1973; Mortvedt, 1981). Reneau's (1983) indicated 
that the N:S ratio was a better predictor of response to S 
application than was total S in the tissue. The N:S ratio 
was less sensitive to change during the growing season and 
was more closely related to both actual and relative yields 
than was total S. 
The uptake and translocation of S by the corn plant 
throughout the growing season has been the subject of very 
limited research. Apparently, the plant continues to take 
up S throughout most of the growing season and a very small 
amount of S is translocated from the vegetative plant parts 
to the grain during its development. Most of the translo- . 
cated S appears to come from the leaves. 
Chandler (1960) reported a constant and continuous ac­
cumulation of S in the corn plant throughout the season, 
with a slightly reduced rate of accumulation during the last 
two weeks of growth. The rate of accumulation in the leaves 
remained rapid until mid-July, then continued at a slower 
rate until late August after which the leaves lost S until 
harvest. Sulfur also accumulated in the stalks at a slow rate 
throughout the season. The rate of S accumulation in the 
stalks decreased somewhat towards the end of the season, but 
the stalks exceeded the leaves in total S content due to 
late-season translocation of S from the leaves. The husks 
and cobs contained only a very small quantity of S. Accumu­
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lation of S in these parts ceased by mid-August, when the 
grain began to form. Sulfur accumulation in the grain was 
relatively rapid, but the rate showed a slight reduction by 
mid-September. At maturity, the leaves, stalks, and grain 
contained approximately 16, 22, and 49% of total plant S, 
respectively. A very small quantity was translocated from 
the vegetative plant parts to the grain during its development. 
Penelope and Rowell (1978) reported a decrease in S con­
centration of corn leaves from the bottom to the top of the 
corn plant. The highest S concentration of leaves occurred 
during the vegetative growth period of the plant. The S con­
centration declined between 9 to 12 weeks samplings, then 
remained constant until harvest. These authors also found 
that the amount of S accumulated in the vegetative parts was 
not adequate to sustain the S requirement for grain develop­
ment, indicating a need for a continued uptake of sulfate 
from the soil until maturation. 
In Al-Ansari's (1985) study, where the availability of 
N was uniformly high, an initial high S concentration in the 
leaves and leaf sheaths continued until about 20 days before 
silking, declined until silking, and then remained constant 
until maturity. In the stalks, the S concentrations were 
highest early in the season (stage V8) but decreased rapidly 
prior to silking. The S concentrations in the husks, cobs, 
and grain decreased for some time during the reproductive 
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period, then remained essentially constant until the last 
sampling at 55 days after silking. The behavior of S in.these 
parts was very similar to that of N. The PK fertility levels 
did not influence the S concentrations in either the vegeta­
tive or reproductive parts of the corn plant, except for a 
slight decrease in the S concentration of the grain of corn 
plants grown at high fertility levels. 
Calcium and magnesium 
Calcium and magnesium are required in modest amounts by 
corn. Deficiencies of these nutrients may occur in corn 
growing on acidic soils with low exchange capacities. Under 
such conditions, deficiencies may be augmented by the appli­
cation of K fertilizer, since increased K levels result in a 
decreased uptake of Ca and Mg. Critical concentrations and 
sufficiency ranges for these nutrients in several corn tissues 
have been reported by Jones and Eck (1973). Corn grain at 
maturity contains 10 times more Mg than Ca. 
Studies on the patterns of uptake and distribution of 
these elements in corn plants illustrate the following points; 
(1) the most rapid rate of uptake occurs early in the season 
during vegetative growth, then declines near the onset of 
grain formation; (2) the rapid rate is higher for Ca than 
Mg, but Mg accumulates at a steady rate until harvest, whereas 
Ca uptake may terminate before grain maturity; (3) after the 
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onset of grain formation, some Mg is translocated from vege­
tative plant parts to the developing grain, but no such re­
distribution is apparent for Ca; and (4) the grain accumu­
lates appreciable amounts of Mg as opposed to very small 
amounts of Ca. 
Under normal soil moisture conditions, Jenne et al. 
(1958) reported that at 68 days after planting, relative dry 
matter reached 10% of final production, whereas the relative 
uptake of Ca and Mg reached 20% of their total uptake. Dur­
ing the next three weeks, the relative values were 36, 73, 
and 55% of the final for dry matter production and Ca and Mg 
uptake, respectively. Arnon (1975) reported that the uptake 
of Ca was active at early stages of growth but ceased at the 
beginning of grain formation. Magnesium uptake, however, was 
constant throughout the season and continued up to grain 
maturity. 
Sayre (1948, 1955) reported that the rate of Ca accumu­
lation by the whole plant was the same as that for dry matter. 
Calcium accumulated at a rather constant rate until vegeta­
tive plant growth stopped, and the amount of Ca in the plant 
reached a maximum about three weeks after silking. The amount 
of Ca then decreased as Ca was lost from the plant in a 
manner synonymous to that of K. Most of the Ca accumulated 
in the leaves and stems, but the stems lost approximately 
one-third of their Ca after ear formation. This loss of stem 
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Ca was not a result of translocation into the reproductive 
parts, and the concentration of Ca was very low in the grain, 
cob, and husks. The highest rate of Mg accumulation occurred 
in late July, but Mg accumulation by the plant continued 
throughout the growing season, even though the rate of accumu­
lation declined after ear formation. The grain accumulated 
two-thirds of its Mg during the last month of growth. A 
portion of that amount was translocated from the stem, leaves, 
cob, and husks, with the stems contributing the largest amount 
of translocated Mg. 
Chandler's (1960) results were similar to those discussed 
above except that he detected only negligible translocation of 
Mg from within the plant to the grain and no late-season loss 
of Ca from the plant. At harvest time, the leaves and stalks 
contained 59 and 26% of total plant Ca, respectively. There 
was never any appreciable amounts of Ca in the husks, cob, 
and grain. The leaves contained slightly more Mg than the 
stalks throughout most of the season except at harvest where 
loss of Mg from the leaves due to translocation (or leaching) 
reduced their Mg content. However, decreases in Mg concen­
trations in top leaves due to a dilution effect were much 
less than those for N, P, or K. The leaves, stalks, and grain 
at harvest contained 24, 27, and 37% of total plant Mg, 
respectively. 
Kissel and Ragland (1967) demonstrated that about 
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45% of total Mg in the vegetative parts of corn plants was 
translocated to the ear. The stalk portion of the plant 
contributed the highest percentage of its Mg supply to the 
ear. However, Arnon (1975) stated that above-ground parts of 
corn plants contributed only about 20% of their Mg content 
to the grain, with the leaves making the major contributions. 
No redistribution of Ca from vegetative parts to the ear was . 
found (Arnon, 1975; Gorsline et al., 1965; Kissel and Ragland, 
1967), even though losses from some plant parts and gains by 
others were recorded (Kissel and Ragland, 1967). 
Al-Ansari (1985) reported a decrease in the concentrations 
of Ca and Mg from the bottom to the top of the plant in all 
the vegetative plant parts, except in the stalk late in the 
season. The concentrations of Ca and Mg in the vegetative 
parts decreased prior to silking, after which stage, the Mg 
concentrations remained relatively constant in each part. 
However, the Ca concentration increased rapidly from silking 
to maturity in the leaves, remained constant in the stalks, 
and increased only slightly in the leaf sheaths. The concen­
trations of Ca and Mg followed a similar pattern in the repro­
ductive plant parts. In the husk, the Ca and Mg concentra­
tions decreased until about 10 days after silking, then in­
creased rapidly for the rest of the season. In the cob and 
grain, the Ca and Mg concentrations declined for some time, 
then remained relatively constant as the season advanced. 
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The effect of the level of PK availability in the soil 
on the percentages of Ca and Mg differed in the different 
plant parts (Al-Ansari, 1985). The Ca concentration in the 
stalk increased as the PK fertility level increased, but the 
leaves had lower Ca concentrations at higher PK fertility 
levels later in the season. The Ca concentrations in the 
leaf shëaths were not consistently affected by the different 
PK fertility levels. The Mg concentrations in the leaves and 
leaf sheaths were lower throughout the season at the high PK 
fertility level than at the low and moderate fertility levels, 
whereas there was no consistent effect of PK fertility levels 
on the Mg concentration in the stalk. The Ca and Mg concen­
trations in the reproductive plant parts were not significant­
ly influenced.by PK fertility levels. 
Boron, copper, iron, manganese, and zinc 
Although these nutrients are essential for plant growth 
and development, they are required in such small quantities 
that they are almost always present in sufficient amounts to 
satisfy the requirements of the growing corn plant. It is 
not to be inferred, however, that corn plants do not need to 
be fertilized with any of these nutrients, but that the 
probability of getting a response on all but a few unusual 
soils is small at present. 
Zinc deficiencies most frequently occur on soils where 
the surface has been removed in leveling for irrigation or 
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in terracing and corn is grown on subsoil, on calcareous 
soil, or on soils high in available P (Larson and Hanway, 
1977). Deficiencies of Fe also may occur in corn grown on 
calcareous soils (Kamprath and Foy, 1971). Lucas and Knezek 
(1972) rated the "likelihood" of obtaining a yield response 
in corn from applications of micronutrients as "high" in the 
case of Zn deficiency, "medium" in the case of Fe and Cu de­
ficiencies, and "low" in the case of Mn and B deficiencies. 
They further noted that the description "low" should be con­
sidered as "no response" in most situations, whereas a 
"high" rating represented a "likely response" if soil and 
environmental factors were favorable. 
The availability of micronutrients to plants is influ­
enced by many factors, such as their supply in the soil, aera­
tion status of the soil, moisture and temperature conditions, 
and physical properties of the soil (Larson and Hanway, 1977). 
Hybrids and inbreds differ in their ability to take up, 
accumulate, and/or utilize soil micronutrients (Baker et al., 
1967; Brown et al., 1972; Kamprath and Foy, 1971; Terman et 
al., 1975; Viets et al., 1954a), suggesting that corn geno­
types may vary in their nutritional requirements. Gorsline 
et al. (1964, 1968) presented evidence for the heritability 
of element concentration in corn leaves and grain for 9 
essential elements, both micro- and macronutrients (also Sr 
and Al). Thus, it is to be expected that corn plants exhibit 
39 
wide variations in the uptake and distribution of these ele­
ments based upon genetic, soil, and/or environmental condi­
tions, as well as the plant part sampled and its age at 
sampling. However, critical concentrations and sufficiency 
levels for these nutrients have been published (Jones, 1972; 
Jones and Eck, 1973). 
Gorsline et al. (1965) reported that about 70% of the B 
content of the plant was taken up during the vegetative period 
of growth. The concentration of B in the ears was extremely 
low and B was derived from late uptake and translocation 
mainly from the leaves. The concentration of B in the whole 
plant decreased early then changed little until silking, 
after which it decreased again. Leaves were higher in B 
content than the stalks and the B concentration in these 
parts decreased from ground level to the third internode and 
fourth leaf and then increased to the top of the plant. 
Sayre (1955) described the concentration of B in the 
corn leaves during the last half of the growing season as 
"erratic", but the trend indicated a considerable increase 
over the first half of the growing season. The author noted 
an accumulation of B in the margins of leaves which ranged 
from 3 to 24 times that in the rest of the leaf blades. 
Upper leaves accumulated more B in their margins than middle 
or lower leaves and the degree of marginal accumulation dif­
fered with different inibreds. Jones (1970) and Kohl and 
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Oertli (1961) also reported higher B content in the blade 
margins of corn leaves than in the midribs. 
Al-Ansari (1985) reported that different levels of PK 
availability in the soil did not result in any consistent 
effect on the concentrations of B in either the vegetative 
or the reproductive parts of the plant. The concentrations 
of B in the vegetative plant parts declined rapidly prior to 
silking, then remained essentially constant for the rest of 
the season. The concentrations of B in the husks, cobs, and 
grain decreased until 20 to 30 days after silking and then 
remained constant for the rest of the season. 
Gorsline et al. (1965) reported that Cu uptake slowed 
down just before tasseling and during ear formation, during 
which period the Cu taken up was deposited in the ear. The 
authors also reported an unexplainable late-season upsurge 
of Cu uptake. The Cu concentration of whole plants decreased 
from the 8th-leaf stage to maturity. The Cu concentration in­
creased in the vegetative portions after silking but decreased 
in the ear. The leaves contained more Cu than the stalks, 
with concentrations being lowest in the upper leaves and 
lower sections of the stalks. Sayre (1955) also reported a 
slight increase in the Cu concentrations of corn leaves 
during the second half of the growing season. Jones (1970) 
found Cu to be fairly evenly distributed in corn leaves. 
Al-Ansari (1985) found that Cu concentrations in the 
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plant were lower at high than at low and moderate levels of 
PK fertility throughout the season. In each of the vegeta­
tive plant parts, the Cu concentration decreased until early 
stages of reproductive growth period and then increased 
slightly in the leaves and markedly in the leaf sheaths, but 
remained relatively constant in the stalks until the end of 
the season. There was no consistent effect of PK fertility 
level on the Cu concentrations in the reproductive plant 
parts. Copper concentrations in the grain generally decreased 
throughout the reproductive growth period, decreased early in 
the period and then remained constant in the cobs, and were 
variable showing no consistent change with time in the husks. 
Gorsline et al. (1965) reported that Fe uptake by corn 
plants was fairly steady throughout the life cycle with post-
silk storage in the ear (including husks, cob, and shank). 
Leaf concentrations were uniformly higher than those in the 
stalks, where the concentrations decreased from the base to 
the top. Whole-plant concentrations of Fe decreased until 
about 2 weeks before silking, then remained constant for the 
rest of the season. These authors suggested that some of the 
high values they found for Fe may have been due to soil con­
tamination. Sayre (1955) reported an increase in leaf Fe 
concentrations during the latter part of the season, and Jones 
(1970) noted that Fe had a tendency to accumulate to a certain 
extent in the margins of corn leaves. Leece (1978) demon-
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strated that Fe concentration in the stem was lower than that 
in other corn plant parts. 
Al-Ansari (1985) reported increases in leaf Fe concen­
trations from the bottom to the top of the plant at silking. 
Different levels of P and K availability in the soil did not 
show any consistent effect on the Fe concentrations in either 
the vegetative or reproductive plant parts. Iron concentra­
tions in the vegetative parts declined rapidly prior to silk­
ing then remained essentially constant for the rest of the 
season. In the reproductive parts, the Fe concentrations 
decreased throughout the season in the cobs, decreased until 
20 to 30 days after silking and then remained relatively con­
stant in the husks, and showed no consistent change with time 
in the grain. 
Gorsline et al. (1965) found that over 50% of total Mn 
uptake by the corn plant occurred before silking. Uptake of 
Mn after silking took place at a slower rate with storage in 
the ear and leaf. A late-season upsurge of Mn uptake similar 
to that of Cu was observed. In the whole plant, an early 
high Mn content decreased until shortly before silking, re­
mained unchanged for a while, then decreased again starting 
about 5 weeks after silking. Leaves had higher Mn concen­
trations than the stalks, with ears having the lowest concen­
trations. Leaf Mn concentrations were lowest in the middle 
section and increased towards the top and the bottom of the 
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plant. Manganese concentrations in the stalks increased 
from the second node to the top of the plant. 
Ragland and Floyd (1965) found that total Mn in the 
stalks reached a maximum near silking then decreased for the 
rest of the season. They also reported that 74% of the total 
Mn in the mature grain had been translocated from other plant 
parts. 
Sayre (1955) reported marked increases in the Mn concen­
trations of leaf tissue during the latter two months of the 
growing season. He also observed Mn accumulations in the 
leaf margins of up to 5 times the amount accumulated in the 
rest of the leaf blade. However, Jones (1970) reported Mn 
accumulation in the leaf margins to a level about twice that 
in the leaf blades. 
Al-Ansari (1985) observed a decrease in Mn concentrations 
from the bottom to the top of the plant prior to silking. 
After silking, however, the concentrations of Mn in the 
leaves and leaf sheaths generally decreased, but in the stalks 
increased from the bottom to the top of the plants. As the 
season progressed, the Mn concentrations showed little change 
in the leaves, increased markedly in the leaf sheaths, and 
decreased markedly prior to silking in the stalks. The Mn 
concentrations in those parts were not affected consistently 
by the different PK fertility levels, but tended to be higher 
in the leaves and leaf sheaths at low than at moderate and 
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high fertility levels and slightly higher in the stalks at 
high than at low fertility levels. Manganese concentrations 
were essentially constant in the husks from silking to maturi­
ty, but decreased early in the period and then remained con­
stant in the cob and grain. Late in the seed-filling period, 
Mn concentrations in the husks decreased as the PK level in 
the soil increased, but PK fertility levels had no effect on 
Mn concentrations in the cobs and grain. 
Gorsline et al. (1965) reported that the pattern of up­
take, translocation, and deposition of Zn was strikingly 
similar to that of P over the life cycle of the plant and by 
morphological part and position. Approximately one-half of 
the Zn content of the plant was taken up before silking, 
closely paralleling the dry matter accumulation curve for 
vegetative growth. After a lag period of approximately 2 
weeks, the rapid rate of uptake resumed with Zn deposition 
in the ear. Whole-plant Zn content decreased rapidly until 
grain formation, then increased for the rest of the season. 
The Zn concentration of leaves decreased with maturity, and 
Zn was translocated from the stalks, mostly the bottom por­
tions, to the ear, which was a major storage organ for this 
element. 
Ragland and Floyd (1965) observed that total Zn in the 
stalks of corn plants reached a maximum near silking, then 
decreased for the rest of the season due to translocation 
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into the grain. Massey and Loeffel (1967) showed that only 
two-thirds of the Zn increase in the ears was accounted for 
by uptake. The stalk contributed most of the remainder, with 
portions above and below the ear each losing about one-half 
of their Zn, whereas leaves below the ear lost about one-
fourth of their Zn. Jones (1970) and Viets et al. (1953) 
reported that Zn concentrations in the upper leaves of corn 
were higher than in the lower leaves. The Zn concentration 
in the midrib was about half that found in the leaf blades 
(Jones, 1970). 
Al-Ansari (1985) reported an increase in Zn concentra­
tions of the vegetative corn plant parts from the bottom to 
the top of the plant. Zinc concentrations in these parts 
tended to decrease as the PK fertility level increased. This 
trend was not consistent, but Zn concentrations were always 
lowest at the high PK level. Prior to silking, the Zn con­
centration in all these parts decreased rapidly as the season 
progressed. This decrease continued until near maturity in 
the stalks but not in the leaves and leaf sheaths. Zinc 
concentrations in the husks, cobs, and grain generally de­
creased for some time during the reproductive growth period, 
then showed little change until the end of the season. As 
the level of PK availability in the soil increased, Zn con­
centrations decreased in the husks during the latter part of 
the period, but were not influenced in the cobs. Levels in 
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the grain were slightly higher at moderate than at low and 
high PK levels. 
Aluminum and sodium 
Aluminum and sodium are not considered essential for 
plant growth. Due to their abundance in soils, however, 
plants absorb varying amounts of these elements. Arnon (1975) 
reported that corn belongs to those crops that respond very 
slightly if at all to Na under any condition. However, bene­
ficial effects of small amounts of Na when K is deficient have 
been reported for some crops such as cotton (Johan and Amin, 
1965) and safflower (Aslam, 1975). Aluminum, on the other 
hand, may become soluble enough under strongly acid condi­
tions to become toxic to plant growth. 
Gorsline et al. (1965) reported a steady uptake of A1 
which paralleled dry matter accumulation throughout the life 
cycle of the corn plant. Whole-plant concentrations of A1 
decreased rapidly until about 2 weeks before silking, then 
remained about the same. Leaf concentration was uniformly 
higher than that of the stalk, where the concentration de­
creased from the bottom to the top of the plant. The authors 
detected storage of A1 in the ear (including husks, cob, and 
shank), but ear concentrations of A1 were very low. 
Sayre (1955) detected an increase of A1 concentrations 
in corn leaves as the season progressed. Benne et al. (1964) 
found that late in the season, higher concentrations of A1 
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occurred in the-loaves below the ear than in the leaves above 
the ear, or in the stalks. 
Chandler (1960) reported that corn plants absorbed Na 
relatively uniformly but in limited quantity throughout the 
growing season. There was a slight loss of Na within the last 
2 weeks of the season, possibly due to leaching. No translo­
cation of Na was detected from other parts of the corn plant 
into the grain. At harvest, leaves, stalks, and grain con­
tained approximately 12, 22, and 43% of total plant Na. 
Arnon (1975) reported that Na uptake followed a pattern 
similar to that of K. The Na content of the plant remained 
constant from tasseling to maturity and all of the Na taken 
up during this period was lost mainly by leaching. 
Al-Ansari (1985) observed that the concentration of Na 
in the leaves at silking decreased from the bottom to the 
top of the plants. The different levels of PK availability 
in the soil did not show any consistent effect on the concen­
trations of Na in the vegetative or the reproductive plant 
parts. The concentration of Na in the vegetative plant parts 
declined rapidly prior to silking, then remained essentially 
constant the rest of the season. Sodium concentrations in 
the husks, cobs, and grain showed no consistent changes due 
to stage of development. 
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MATERIALS AND METHODS 
Location 
The field research was conducted at the Bruner Farm, 
an Iowa State University experimental farm, located approxi­
mately three miles west of Ames. The site is located near a 
well from which water could be pumped into a pond and used 
for irrigation during periods of dry weather. 
The soils of the experimental area are classified as a 
Nicollet-Webster (Aquic Hapludoll-Typic Haplaquoll) complex. 
Both soil types have developed from calcareous glacial till 
or glacial outwash over glacial till under the influence of 
prairie grass vegetation on nearly level to gently sloping 
topography (Oschwald et al., 1965). These soils are somewhat 
poorly drained to poorly drained with moderate permeability 
and high plant-available water-holding capacity. The A 
horizon of the Nicollet soil (surface 38-46 cm) is a very 
dark brown to black loam to clay loam and the subsoil is loam 
to clay loam with a mixed gray and brown coloration. The A 
horizon of the Webster soil (surface 38-51 cm) is a black 
silty clay loam and the subsoil is gray to olive gray loam 
to clay loam. 
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Fertility Treatments and Experimental Design 
Two experiments, a 4 x 2 P-K factorial (the P-K experi-
ment) and a 2 N-P-K factorial (the N-P-K experiment), were 
initiated in 1975 to study the effect of nitrogen, phos­
phorus, and potassium fertilization on crop yields in a corn-
soybean rotation. In both experiments, differential soil 
test P and K levels were established by application of 
superphosphate (0-46-0) and potassium chloride (0-0-61) 
fertilizers. Based upon the analyses of soil samples, addi­
tional applications of P and/or K fertilizers were made in 
1976, 1977, 1978, and 1983 in order to maintain the differ­
ential levels of soil test P and K. Phosphorus and potassium 
fertilizers were usually applied in the fall and incorporated 
by disking or plowing. 
The plots in both experiments were arranged as split-
plots in randomized complete block designs with four repli­
cations. The main plots, were different PK or NPK fertility 
levels depending on the experiment. Due to practical con­
siderations, the corn and soybeans were planted in strips 
across the site rather than assigned randomly to the plots. 
This arrangement resulted in half of each plot being planted 
to corn and half to soybeans. The strips were rotated each 
year to provide the corn-soybean rotation. 
No additional application of P or K fertilizers was 
made in the course of this study during the 1984 and 1985 
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growing seasons. As a result, the different P and K levels 
referred to in this manuscript are strictly based on soil 
test values obtained from samples taken from the previously 
established fertility plots and analyzed at the Iowa State 
University Soil Testing Laboratory. 
Nitrogen was applied to the corn halves of all the plots 
of the P-K experiment and the N-receiving plots of the N-P-K 
experiment at the rate of 160 Kg of N/ha. Urea (46-0-0) 
was broadcast and disked in during the spring just prior to 
planting in both years. 
Crop Management Factors 
The corn was planted May 18 and May 17 in 1984 and 1985, 
respectively. The hybrid B73xMol7 was used in 1984 while 
Pioneer 3475 was used in 1985. In both years, the corn seed 
was planted 5.4 cm deep and 18 cm apart in rows spaced 76 cm 
apart for an approximate planting rate of 74,000 seeds/ha. 
The corn strips in the fertility plots were 10 rows wide. 
Average plant populations obtained at harvest were 59,000 
and 69,000 plants/ha for 1984 and 1985, respectively. 
Weed control was accomplished with commercial herbicides 
and cultivation. In 1984, Dual (Metachlor) was applied pre-
plant May 16 and Bladex (Cyanazine) was applied preemergence 
May 23. In 1985, Lasso (Alachlor) was applied preplant May 
17 and Basagran (Bentazone) was applied postemergence June 
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15. In both years, the field was cultivated once and the 
plots were further kept weed-free by hand weeding and hand 
hoeing. 
Weather conditions for the crop seasons of 1984 and 
1985 were quite different. Table 1 shows the total precipi­
tation, average temperature, and deviations from normal for 
1984 and 1985. While total precipitation was 111 mm above 
normal in 1984, it was 172 mm below normal in 1985. Average 
annual temperature was slightly above normal in 1984 and 
slightly below normal in 1985. 
A closer look, however, at the total precipitation during 
the actual crop-growing season (i.e., the months of May 
through September) reveals that total precipitation was below 
normal in both years. The deviations from normal for the 
five-month period were -17 mm and -123 mm of rainfall for 
1984 and 1985, respectively. In 1984, a relatively dry 
July and an extremely dry August followed favorable rainfall 
conditions during May and June. Severe to extreme drought 
conditions were reported in central Iowa during August 
(Climatological Data Annual Summary of the National Oceanic 
and Atmospheric Administration, Vol. 95, No. 13). In 1985, 
lower than average rainfall occurred in May, June, and July, 
while above normal rainfall occurred during August. Above 
normal rainfall occurred in September of both years. 
Temperature averages were slightly below normal over the 
Table 1. Total precipitation, average temperature and deviations from 
normal for 1984 and 1985 
Precipitation (mm) Temperature (°C) 
Month 1984 Dev. ^ 1985 Dev. 1984 Dev. 1985 Dev. 
January 13 -6 9 -10 — 8.1 +0.2 -9.0 -0.7 






+5.6 -6.3 -1.5 
March 30 -23 58 +5 -1.7 -2.8 +5.0 +4.0 




 -1.0 +13.0 + 3.3 
May 129 +18 32 -79 + 14.6 -1.6 + 18.2 +2.0 






 +19.8 -1.4 





August 8 -91 129 + 30 +23.2 + 1.1 +20.6 -1.5 
September 101 + 20 102 +21 + 17.4 -0.1 + 18.0 +0.5 
October 92 + 34 82 + 24 +11.6 0 +11.0 -0.6 
November 52 +19 10 -23 
00 cn +
 + 1.0 -1.8 -4.6 
December 43 + 21 33 + 11 -2.9 + 1.4 -11.6 -7.3 
Total 915 + 111 632 -172 9.3 +0.3 8.3 -0.7 
^Deviation from normal conditions at the weather station of the Iowa State 
University Agronomy and Agricultural Engineering Research Center located approxi­
mately 8 miles west of Ames. 
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five-month crop growing period of both years (-0.1°C in 1984 
and -0.2°C in 1985) and did not show any extreme departures 
from normal. However, a higher than normal average tempera­
ture coupled with a severe moisture deficit during August may 
have had a detrimental effect on the 1984 crop yield. In 
contrast, a higher than average temperature in May and a 
lower than average temperature in August may have had a 
favorable effect on seed germination and crop yield of 1985. 
Based upon the weather conditions of July and August 
of 1984, and in order to circumvent extended periods of dry 
weather and avoid potential yield losses, a sprinkler irri­
gation system was set up in the field during the summer of 
1985. Due to the lack of enough pipes to cover the entire 
experimental area, only two replications of each experiment 
(the first and second replications) were irrigated. Al­
though the comparison of irrigated versus unirrigated would 
not be valid statistically in such an arrangement, we felt 
that any significant differences due to irrigation could be 
detected from the "Replication" source of variation in the 
analysis of variance. Five water samples, taken from the 
pond used as the water source, were filtered clean of dust 
and plant particles and stored in a refrigerator for subse­
quent chemical analysis. 
By early July, characteristic moisture stress-related 
curling of the leaves became apparent in the heat of the day. 
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However, due to some difficulty with a leak in the irrigation 
system, the plots were not irrigated until July 17. Three 
subsequent irrigations were made: July 23, August 7, and 
August 8. Each irrigation period lasted for five hours and 
delivered approximately 25 mm of water for an approximate 
total of 100 mm. 
A problem with heavy insect infestation of the field 
was encountered during the 1984 season. A fairly large per­
centage of ear samples taken from both experiments during the 
second half of August were infested with corn borers, ear-
worms, and armyworms. A high population of grasshoppers 
was also apparent in the field during the same period. 
Towards the end of August and early September, corn borer 
damage became quite noticeable in the field, and a large 
number of stalks were broken mostly above the ear. 
Consequently, the field was sprayed with an insecticide 
to prevent similar damage in 1985. Pydrin (fenvalerate) was 
aerially applied on July 27 at the rate of 0.17 kg of active 
ingredient/ha. Fenvalerate is a broad spectrum insecticide 
that controls European com borer and corn earworm, among 
others. Reasonable control of such insects and of grass­
hoppers was observed throughout the rest of the 1985 season. 
55 
Sampling Procedures 
Soil samples were taken from the fertility plots of 
both experiments on July 18 and July 2 of 1984 and 1985, 
respectively. Ten cores were taken from each plot to a depth 
of 15 cm, mixed thoroughly in a plastic bucket, and sub-
sampled for chemical analyses. The soil samples were analyzed 
for soil pH, available P, and available K. Results of these 
tests, methods of extraction, and soil test classification, 
based on soil test categories of the Iowa State University 
Soil Testing Laboratory, are shown in Tables 2 and 3 for the 
P-K and the N-P-K experiments, respectively. 
Sampling of corn plant parts was commenced when the 
plants were approximately 75% silked in both years. Percent 
silking was determined by counting the number of plants that 
were just beginning to silk versus the total number of plants 
in the two harvest rows of each plot. Due to replicate varia­
bility, all four replications of any given treatment were 
averaged to 75% silking before they were sampled. As a re­
sult, some individual plots within the same treatment were 
slightly before and others slightly past 75% silking at the 
time of the first sampling. Certain fertility treatments 
also reached 75% silking before others, with the trend for 
the higher fertility treatments to silk before the lower 
fertility treatments. Consequently, different fertility 
levels within each experiment were sampled on different days. 
Table 2. Treatment means for the soil analyses of the plow layer (0-15 cm) of 
the P-K experiment (means of four replications) 
1984^ 1985^ 
Treatment AP^ Class^ AK^ Class AP Class AK Class PH 
Check 17 (VL) 97 (L) 6.23 20 (L) 96 (L) 6.15 
Pi 24 (L) 95 (L) . 6.23 27 (L) 100 (L) 5.98 
^2 52 (H) 86 (L) 6.15 40 (M) 93 (L) 5.98 
P3 79 (VH) 91 (L) 6.08 66 (H) 89 (L) 5.85 
K 13 (VL) 194 (M) 6.25 16 (VL) 218 (M) 5.90 
PlK 18 (L) 193 (M) 6.08 21 (L) 222 (M) 5.83 
P2K 51 (H) 157 (M) 6.15 47 (H) 228 (H) 5.73 
P3K 79 (VH) 178 (M) 6. 18 72 (VH) 200 (M) 6.00 
^Soil samples were taken on July 18, 1984 and July 2, 1985. 
^Available P (AP) in kg/ha extractable by Bray and Kurtz Method (0,025 N 
HCl and 0.03 N NH^F). Available K (AK) in kg/ha extractable by 1 N NH^COOH). 
'^Soil test classified according to Iowa State University Soil Test categories: 
(L) = low, (M) = medium, (H) = high, (VL) = very low, (VH) = very high (Voss, 1982). 
*^pH in 1:2 soil:water slurry. 
Table 3. Treatment means for the soil analyses of the plow layer (0-15 cm) of 
the N-P-K experiment (means of four replications)^ 
1984 1985 
Treatment ÀP Class AK Class pH AP Class AK Class pH 
Check 11 (VL) 101 (L) 6.50 14 (VL) 117 (L) 6.33 
22 (L) 112 (L) 6.15 23 (L) 126 (L) 5.78 
P 42 (M) 97 (L) 6.48 40 (M) 106 (L) 6.33 
NP 36 (M) 101 (L) 6.03 42 (M) 119 (L) 5.68 
K 10 (VL) 201 (M) 6.33 13 (VL) 242 (H) 6.18 
NK^ 17 (VL) 171 (M) 6.15 19 (L) 211 (M) 5.63 
PK 42 (M) 183 (M) 6.40 43 (M) 194 (M) 6.28 
NPK 35 (M) 169 (M) 6.05 39 (M) 215 (M) 5.78 
^Footnoes in Table 2 also applicable here. 
^P was applied by mistake in 1977 at the rate of 103 kg of P/ha. 
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Plant components sampled from both experiments in 1984 
consisted of whole ears, ear leaves, and ear leaf sheaths. 
Whole plant samples were also collected from treatments 1 
(check), 7 (PK), and 8 (NPK) of the N-P-K experiment. Ears, 
ear leaves, and ear leaf sheaths of all the plants within 
2.44 m of row (a sampling area of 1.86 m ) were collected 8 
times during the seed-filling period. The first sample was 
taken at 75% silking, the second at 14 days after silking 
(DAS), and the rest at subsequent 7-day intervals until 
56 DAS. 
Ear samples consisted of the primary (uppermost) ears 
on the plants. Ear leaf samples consisted of those on the 
ear node plus the ones opposite and just below the ears. 
Ear leaf sheaths taken were those associated with the ear 
leaves sampled. Whole ears were separated into husks, 
shanks, silks, and the cobs plus the grain. All plant 
samples were dried at 65°C in forced air driers before weigh­
ing. The grain was shelled (except for the first sampling), 
redried, weighed, and the dry weights of cobs (minus grain) 
were determined by subtraction. 
Whole-plant samples were taken at 75% silking and at 14-
day intervals until 56 DAS for a total of 5 whole-plant 
samples. Whole plants, within the sampling area described 
above, were counted and cut at ground level from replications 
1 and 3 of treatments 1, 7, and 8 of the N-P-K experiment. 
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Based upon the position of the uppermost ear, the leaves, 
leaf sheaths, and stalks were separated into top, middle, and 
bottom portions as follows: (1) top leaves and stalk lo­
cated above the uppermost ear, (2) middle leaves and stalk 
located around and just below the uppermost ear, (3) bottom 
leaves and stalk located below the leaf that was opposite 
and just below the uppermost ear. This division was used 
because it permitted comparison of leaves and leaf sheaths 
of the middle positions with the corresponding ear leaves 
and ear leaf sheaths of the other two replications of the 
same treatments, or other fertility plots of the experiment, 
where whole plant parts were not sampled. However, since 
this division was based on the position of the uppermost ear, 
the number of leaves in the top and bottom sections, and 
consequently, their weights, as well as the dry weights of 
sheath and stalks, would vary accordingly. Tassels and 
lower ears were also sampled but kept separate from top, 
middle, and bottom sections. Ears were separated into their 
components, and all the sampled plant parts were dried and 
weighed. 
At 56 DAS, corn husk samples from all the fertility 
plots in both experiments were arbitrarily separated into 
outer, middle, and inner portions prior to drying and weigh­
ing. The first five husks removed from each ear were desig­
nated "outer", the second five "middle", and the rest "inner" 
60 
husks. The purpose of this separation was to detect any 
differences in nutrient concentrations that existed in these 
portions. Table 4 shows the sampling stages and the corre­
sponding sampling dates for the different treatments of the 
P-K and N-P-K experiments in 1984. 
Sampling of both experiments in 1985 was restricted to 
ears and ear leaves. Ear components other than cobs and 
grain (i.e., husks, shanks, and silks) were discarded. 
Sampling procedures were similar to those of 1984 with only 
few exceptions. For example, the sampling section was re-
2 duced to 2.13 m of row or an area of 1.63 m . Plant samples 
were collected five times during the seed-filling period, 
starting at 75% silking and continuing at 14-day intervals 
until 56 DAS. Table 5 shows the sampling stages and the 
corresponding sampling dates for the different treatments of 
the P-K and N-P-K experiments in 1985. 
The P-K and N-P-K experiments were harvested October 12 
and 19 in 1984 and October 24 and 25 in 1985, respectively. 
2 All ears from harvest areas of 16.3 m per plot in 1984 and 
2 13.9 m per plot in 1985 were harvested by hand, shelled, 
and weighed. Grain moisture content of subsamples taken 
from each individual plot was determined by means of a 
Steinlite Electronic Moisture Tester, and yields were ad­
justed to 15.5% moisture and expressed in kg/ha. Two hundred 
kernels were randomly taken from each grain sample, weighed, 
Table 4. Sampling stages and their corresponding sampling dates of the different 
treatments of the P-K and N-P-K experiments in 1984 
Stage (days after silking)^ 
Treatment R^+0 Rj^+14 R^+21 R^+28 R^+SS Rj^+42 R^+49 R^+Sô 
P-K experiment 
Check Aug 9 Aug 23 Aug 30 Sep 6 Set 13 Sep 20 Sep 27 Oct 4 
P^,K Aug 8 Aug 22 Aug 29 Sep 5 Sep 12 Sep 19 Sep 26 Oct 3 
Aug 6 Aug 20 Aug 27 Sep 3 Sep 10 Sep 17 Sep 24 Oct 1 
PgKfPgK Aug 3 Aug 17 Aug 24 Aug 31 Sep 7 Sep 14 Sep 21 Sep 28 
N-P-K experiment 
Check^, K Aug 9 Aug 23 Aug 30 Sep 6 Sep 13 Sep 20 Sep 27 Oct 4 
P,PK^ Aug 8 Aug 22 Aug 29 Sep 5 Sep 12 Sep 19 Sep 26 Oct 3 
N,NP,NK,NPK^ Aug 7 Aug 21 Aug 28 Sep 4 Sep 11 Sep 18 Sep 25 Oct 2 
Rl refers to silking as described by Ritchie and Hanway (1982). Here, silk­
ing is achieved when 75% of the plants per treatment (four replications) have 
silked. Numbers after the + sign refer to number of days after silking. 
^hole plants were sampled from replications 1 and 3 of these treatments at 
R^+0, Rj^+14, R^+28, R^+42, and Rj^+56. 
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Table 5. Sampling stages and their corresponding sampling 
dates of the different treatments of the P-K and 
N-P-K experiments in 1985 
Stage (days after silking)^ 
Treatment R^+0 R^+14 R^+28 R^+42 R^+56 
P-K experiment 
Check Jul 31 Aug 14 Aug 28 Sep 11 Sep 25 
^l'^2'^3*^ Jul 30 Aug 13 Aug 27 Sep 10 Sep 24 
PlK Jul 29 Aug 12 Aug 26 Sep 9 Sep 23 
PgK.PgK Jul 26 Aug 9 Aug 23 Sep 6 Sep 20 
N-P-K experiment 
Check, P,K Jul 31 Aug 14 Aug 28 Sep 11 Sep 25 
N,NP,NK Jul 29 Aug 12 Aug 26 Sep 9 Sep 23 
PK^,NPK Jul 26 Aug 9 Aug 23 Sep 6 Sep 20 
^Rn refers to silking as described by Ritchie and 
Hanway (1982). Here, silking is achieved when 75% of the 
plants per treatment (four replications) have silked. 
Numbers after, the + sign refer to number of days after 
silking. 
^The PK treatment reached 75% silking before some N-
receiving treatments. This was a divergence from the trend 
observed in 1984. 
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and the results were divided by 2 and recorded as g/100 
seeds. 
Chemical Analyses of Plant Material 
The extensive field sampling of plant parts conducted 
during the course of this study resulted in a huge number of 
corn plant samples. Chemical analyses of all the samples 
taken would not have been feasible from time and financial 
standpoints. Thus, a careful selection of plant samples to 
be analyzed became inevitable. 
Selected samples of corn plant parts were ground to 
pass a 1 mm-mesh screen, mixed thoroughly, and stored in small 
glass jars. Except for total N analyses made in our labora­
tory in 1984, all chemical analyses for N, P, K, S, Ca, Mg, 
Mn, Fe, B, Cu, Zn, Al, and Na were performed by the Research-
Extension Analytical Laboratory of the Ohio Agricultural Re­
search and Development Center in Wooster, Ohio. Nitrogen 
was determined by the micro-Kjeldahl steam distillation 
method. Sulfur was determined by means of a Leco sulfur 
analyzer. The rest of the nutrients were determined by 
inductively coupled plasma spectrographic analysis. 
Table 6 shows the plant samples analyzed in 1984 from 
both experiments. The fourth replication of many treatments 
was excluded from the analyses due to financial limitations. 
All ear leaf samples taken at 14-day intervals from silking 
Table 6. Plant samples analyzed for nutrients from the P-K and N-P-K experiments 
in 1984 
Plant 
part Trt Rep 
stage (days after silking) 
R^+O R^+14 Ri+21 R^+28 R^+35 R^+42 Rl+56 Har. 
P-K experiment 
Ear leaves All 1,2,3 X X X X X 
Grain All 1,2,3 X X X  X X 
Husks All All X 
N -P-K experiment 
Ear leaves All 1,2,3 X X X X X 
Grain All 1,2,3 X X X  X X 
Husks^, All All X 
Leaves 1,7,8 1,3 X X X X X 
Sheaths, 
stalks 7,8 1,3 X X X 
Husks 7,8 1,3 X X X 
Sheaths, 




silks 1 1,3 X X X X X 
^Outer, middle, and inner husks. All replications were analyzed for the 
different nutrients except S, where applications 1, 2, and 3 were analyzed. 
^Leaves of the top, middle, and bottom portions of the plant. 
^Sheaths and stalks of the top, middle, and bottom portions of the plant. 
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to 56 DAS were analyzed. Grain samples taken at 7-day in­
tervals from 14 DAS to 35 DAS and at harvest were analyzed. 
Dry matter accumulation in the grain of most treatments had 
leveled off after 35 DAS, presumably because of dry weather 
conditions during the month of August 1984. All husk samples 
taken at 56 DAS and separated into outer, middle, and inner 
portions were analyzed separately. 
Analyses were performed on whole plant parts sampled 
from treatment 1 (check) of the N-P-K experiment at 14-day 
intervals from silking to 56 DAS, on leaves sampled from 
treatments 7 (PK) and 8 (NPK) at 14-day intervals, and on 
sheath, stalk, and husk samples taken at 28-day intervals 
from silking to 56 DAS. 
In 1985, chemical analyses were, performed only on leaf 
and grain samples. Leaf samples, taken from the first three 
replications of treatments 1, 3, 4, 5, 7, and 8 of both 
experiments at 14-day intervals from silking to 56 DAS, were 
analyzed. In the P-K experiment, treatments 2 and 6, which 
were excluded, represented the lower level of P and the 
lower level of P plus K (i.e., P^ and P^K, respectively). 
In the N-P-K experiment, treatments 2 and 6 were the N and 
NK treatments, and were excluded for two reasons: 
(1) fertilizer P was erroneously applied in 1977 and its 
effect carried over for several years, and (2) financial 
restrictions as already mentioned. It should be noted. 
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however, that these plots tested low to very low in available 
P in 1984 and 1985. 
Grain samples, taken at 28 DAS and harvest from the 
first three replications of treatments 1, 4, 5, and 8 of the 
P-K experiment (i.e., check, Pg, K, and P^K, respectively), 
and treatments 1, 3, 4, 5, 7, and 8 of the N-P-K experiment 
(same treatments as in leaf samples), were analyzed. 
Statistical Analyses 
The consequences, from a statistical standpoint, of 
excluding the above-mentioned treatments from the chemical 
analyses are that the P-K experiment had to be statistically 
analyzed as a 3 x 2 P-K factorial in the case of leaf samples, 
and as a 2 X 2 P-K factorial in the case of grain samples, 
instead of the original 4x2 P-K factorial design of the 
experiment. In the N-P-K experiment, main effects of N, P, 
and K may still be assessed; however, any significant effects 
due to interactions among these nutrients may be hard to 
explain. 
Several variables measured in the field or laboratory 
were converted to the International System of Units (SI) from 
non-SI units, using appropriate conversion factors. For 
example, soil test results obtained in lb/A (or pp2m) of 
available P and K were converted to kg/ha. Dry matter yields 
at any stage of growth and grain yields at harvest were con­
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verted from g/sampling area and g/harvest area, respectively, 
to kg/ha. The total amount of any nutrient in any plant part 
was calculated by multiplying the dry matter yield for that 
part by its nutrient concentration and reported as kg/ha for 
the macronutrients and g/ha for the micronutrients. 
The above-mentioned calculations and all the statistical 
analyses were performed at the Iowa State University Computer 
Center, using the 1982 edition of the Statistical Analysis 
System User's Guide developed at the SAS Institute, Inc., 
Cary, North Carolina. Statistical analyses followed the pro­
cedures outlined by Cochran and Cox (1957) and Steel and 
Torrie (1980) for the analyses of experimental data obtained 
from factorial experiments. The symbol * is used to indicate 
significance at the 5% level of probability, and the symbol 
** is used to indicate significance at the 1% level of proba­
bility. All least significant difference (LSD) values com­
puted were at the 5% level of probability. 
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RESULTS 
This section is divided into two main parts, each repre­
senting the results obtained from one experiment. Conse­
quently, the first part is entitled, "The P-K Experiment" 
and the second, "The N-P-K Experiment". Within each part, 
soil test analyses are presented first, followed by the 1984 
and the 1985 data. 
The P-K Experiment 
Soil test results 
Table 2 shows the soil analyses of the plow layer for 
the different treatments of this experiment in 1984 and 1985. 
Since this was a 4 x 2 P-K factorial experiment, another 
meaningful way to summarize these data would be by showing 
the corresponding soil test values for the 4 treatment levels 
of P (averaged over the 2 levels of K) and the 2 treatment 
levels of K (averaged over the 4 levels of P), and their soil 
test classifications. These "main effects" of P and K levels 
are shown in Tables 7 and 8, respectively. 
According to the Iowa State University soil test classi­
fications (Voss, 1982) , the Pg and Pg levels tested differ­
ently in 1984 than in 1985. The Pq level tested very low in 
1984 and low in 1985, whereas the P2 level tested high in 
1984 and medium in 1985 (Table 7). It is obvious, however, 
from the corresponding soil test values that these are 
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Table 7. Treatment levels of P, their corresponding soil 
test values (averaged over 2 levels of K), and 
their soil test classification in 1984 and 1985 
P level 
1984 
Avail. P' Class. 
1985 

















Available phosphorus in kg/ha as in Table 2. 
Soil test classification as in Table 2. 
Table 8. Treatment levels of K, their corresponding soil 
test values (averaged over 4 levels of P), and 
their soil test classification in 1984 and 1985 
1984 1985 
K level Avail. K® Class.b Avail. K Class. 
*0 92 L 95 L 
K 181 M 217 M 
^Available potassium in kg/ha as in Table 2. 
^Soil test classification as in Table 2. 
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borderline differences and may not be significantly differ­
ent. The and Pg levels tested low and very high, respec­
tively, in both years. Despite the similarities in soil test 
classifications, there was a slightly wider overall spread 
in soil available P values in 1984 than in 1985. 
Soil K levels tended to be higher in 1985, especially 
at the second treatment level, than in 1984, even though 
soil test classifications were similar in both years (Table 
8). The Kq level tested low, whereas the K level tested 
medium. The pH tended to be higher in 1984 than in 1985 
(Table 2) ranging from 6.08 to 6.25 and from 5.73 to 6.15 
in 1984 and 1985, respectively. Soil P and K levels had no 
apparent effect on soil pH. 
1984 data 
Dry weights Treatment means for the dry weights of 
ear leaves, ear leaf sheaths, and the primary ear and ear 
components (i.e., husks, shanks, silks, cobs, and grain) 
sampled during the seed-filling period of 1984 are presented 
in Appendix Table Al. Analyses of variance for these values 
were computed and the mean squares from the analyses are re­
ported in Appendix Table A2. 
Average weight of ear leaves increased until 14 DAS, 
remained essentially constant until 21 DAS, then declined 
rapidly for the rest of the season. At 56 DAS, ear leaves 
averaged 47% of their maximum dry weight attained at 14 DAS. 
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The dry weight of ear leaf sheaths reached a maximum at 14 
DAS, declined between 14 and 35 DAS, then remained constant 
for the rest of the season. At 56 DAS, ear leaf sheaths 
averaged 71% of their maximum dry weight attained at 14 DAS. 
The average dry weight of husks increased rapidly from 
silking to a maximum at 14 DAS. Subsequently, husks declined 
in weight until 35 DAS, and remained constant for the rest of 
the season. At 14 DAS, the weight of husks accounted for 
29% of the total dry weight of the ear. At maturity, how­
ever, the dry weight of the husks represented only 8% of the 
total ear weight. 
The average weight of cobs increased rapidly from silk­
ing to 14 DAS, and continued to increase at a much slower 
rate until a maximum was reached at 21 DAS. Subsequently, 
the weight of cobs leveled off for the rest of the season, 
except for a peculiar decline at 49 DAS, which might be a 
result of a sampling error. At their maximum weight, cobs 
accounted for 28% of the total dry weight of the primary 
ear. At 56 DAS, however, the cobs contributed 17% of the 
total ear weight. 
Shanks increased in weight rapidly from silking to 14 
DAS, and then slowly until reaching a maximum at 21 DAS. 
The dry weight of shanks declined between 21 and 42 DAS, and 
stabilized for the remainder of the season. Silks increased 
in weight to a maximum at 14 DAS, declined until 35 DAS, and 
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remained constant until maturity. 
At 14 DAS, corn plants had produced roughly 14% of their 
average grain yield at maturity. The increase in grain dry 
weight was rapid from 14 to 35 DAS, and continued at a much 
slower rate from 35 DAS until 49 DAS, when maximum grain 
weight was attained. Percent of maximum grain weight ob­
tained at different stages was 42, 58, 85, 91, and 100% at 
21, 28, 35, 42, and 49 DAS, respectively. At 49 DAS, the 
dry weight of grain averaged 75% that of the whole ear. 
The analysis of variance (Appendix Table A2) revealed 
that increased levels of soil P and K availability resulted 
in significant increases in the dry weight of all the corn 
plant parts sampled, except the shanks and husks, which showed 
no significant effects due to K. When the main effects of 
different levels of P were averaged over the seed-filling 
period, it was found that most of the increase in dry weight 
was achieved at the P^^ level of soil fertility. In fact, the 
highest dry weight of cobs, grain, and the entire ear was 
obtained at this level. Further nonsignificant increases 
in dry weight were obtained at the P2 level in the leaves, 
sheaths, husks, shanks, and silks. The P^ level resulted in 
nonsignificant reductions in the average dry weight of all 
the plant parts sampled compared to that obtained at the Pg 
level of soil fertility (Table 9). It must be emphasized, 
however, that when averaged over the entire seed-filling 
Table 9. Main effects of P and K levels of soil fertility on the dry weights 
(kg/ha) of corn plant parts averaged over the seed-filling period of 
1984 
Plant part 
Fertility Ear Ear leaf Whole 
level leaves sheaths Shanks Silks Husks Cobs Grain ear 
Pq 383 211 95 51 469 912 2583 4109 
P^ 477 242 132 58 678 1172 3723 5764 
Pg 534 254 144 59 734 1138 3668 5743 
P3 528 248 129 56 668 1111 3625 5589 
Kq 457 226 119 .51 608 984 3079 4841 
K 505 251 113 61 667 1183 3721 5762 
LSD 59 25 31 7 143 163 704 998 
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period, the dry weights obtained at the P^, Pg, and P^ 
leve.ls of soil fertility were not statistically different. 
The diminishing returns in dry weight due to increased 
levels of soil P fertility are further illustrated when the 
main effects of P from the analysis of variance are divided 
into their linear, quadratic, and cubic components (Table 
10). The highly significant quadratic component of P for 
the dry weight of all plant parts indicates a decrease in the 
response at higher levels of soil test P, as verified in 
Table 9. 
Figure 1 (A, B, C, and D) shows the main effects of P 
on the dry weight of ear leaves and ear leaf sheaths, cobs 
and husks, shanks and silks, and whole ear and grain, re­
spectively, during the seed-filling period of 1984. In this 
figure, the dry weight at the P level represents the average 
of those obtained at the P^, P2, and P^ levels of soil fer­
tility. These values were averaged because they were not 
significantly different, and because there was no significant 
P*K interaction effect on the dry weight of any of the plant 
parts sampled (Appendix Tables A1 and A2). The analysis of 
variance, however, did show significant P*stage interaction 
effects on the dry weight of all the plant parts except the 
ear leaves. These interactions are undoubtedly masked, 
partially or completely, by averaging the dry weights at the 
three higher levels of soil P. Nevertheless, these interac-
Table 10. Mean squares for the components of the main effects of P on the dry-
weights of plant parts sampled from the P-K experiment during the 
seed-filling period of 1984 
Source Ear 
of Ear leaf , , Whole 
var. df leaves sheaths Shanks Silks Husks Cobs Grain ear^ 
p 3 31. 24** 2. 31** 2. 83** 0. 91* 8. 59** 8. 76** 19.10** 40. 81** 
Lin 1 77. 52** 4. 78** 4. 19** 0. 80 13. 67** 10. 18** 30.19** 62. 50** 
Quad 1 15. 97** 2. 15** 4. 29** 1. 88** 12. 08** 13. 18** 22.43** 52. 32** 
Cubic 1 0. 22 0. 00 0. 00 0. 03 0. 03 2. 92 4.67 7. 60 
Error (a) 21 1. 27 0. 24 0. 36 0. 20 0. 75 0. 99 1.83 3. 68 
10^ for actual mean squares 
^x 10^ for actual mean squares 
^x 10^ for actual mean squares 
^x 10^ for actual mean squares 
Figure 1. Main effects of P levels of soil availability on 
the dry weight of ear leaves and ear leaf sheaths 
(A), cobs and husks (B), shanks and silks (C), 
and whole ears and grain (D); P = average of 
P^, ^ 2' Pg (P-K experiment, 1984) 
DRY WEIGHT, kg/h» DRY WEIGHT, kg/ha 
o o o o o a a 
M in «J a ro t/i t/> o ui o ui o 
o o o o o o o 
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tions indicate that the slopes of the lines representing the 
variations in dry weights with stages were different at dif­
ferent levels of soil P. One relevant example of such an in­
teraction is apparent from Figure ID. At the Pq level, the 
dry weight of the whole ears and the grain leveled off beyond 
35 DAS, whereas the dry weight of these parts at the P level 
(i.e., average of P^, P2, and P^) continued to increase un­
til 56 DAS. 
Figure 2 (A, B, C, and D) shows the main effects of K on 
the dry weight of the same parts shown in Figure 1. The sig­
nificant K*stage interaction effect on the dry weight of cobs, 
shanks and silks, and whole ear and grain (Appendix Table A2) 
are apparent in 2B, 2C, and 2D, respectively. For example, 
the significant K*stage interaction effect on the dry weight 
of the whole ears and grain (Figure 2D) can be explained by 
the fact that the dry weight of these parts did not differ 
due to the two levels of K until 21 DAS. Beyond this stage, 
the dry weight of grain (and consequently of the whole ears) 
increased at a faster rate at the K level than at the Kq 
level, resulting in a significantly higher dry weight at the 
higher level than at the lower level of soil test K. 
Figure 3 (A, B, C, and D) shows the cumulative dry 
weight of the primary ears as influenced by levels of soil 
P and K fertility. These graphs illustrate three main 
points: (1) that the dry weight of the nongrain parts of 
Figure 2. Main effects of K levels of soil availability 
on the dry weight of ear leaves and ear leaf 
sheaths (A), cobs and husks (B), shanks and silks 
(C), and whole ears and grain (D) (P-K experi­
ment, 1984) 
DRY WEIGHT, Kg/h# DRY WEIGHT, Kg/h» 
o o o o o o o 
r<j ut «O o ro CI 
cn o cn e ui o 
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Figure 3. Cumulative ear dry weights at the PQ  (A), P (B), 
Kq (C), and K (D) levels of soil fertility; 
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the ear declined slightly after reaching a maximum (at 14DAS 
or 21 DAS depending on the P or K level), (2) that the dry 
weight of the grain leveled off at 35 DAS with the Pq and 
Kq levels (more evident at the Pq level), while it con­
tinued to increase at the P and K levels, and (3) that dry 
weights were more limited at the Pq level than at the Kq 
level of soil fertility, or that the response in the dry 
weight of the ear parts, especially the grain, was much 
greater due to the higher P levels than due to the higher K 
level. For example, at 49 DAS, when average grain weight 
reached a maximum, the grain weights .at the Kq and K levels 
(averaged over the four levels of P) were 5081 kg/ha and 5971 
kg/ha, for an average increase of 890 kg/ha for the main 
effects of K. At the same stage, the grain weights for the 
PQ and P levels (averaged over the two levels of K) were 
4404 and 5900 kg/ha, indicating an increase of 1496 kg/ha 
for the average of P^, Pg, and P^ over P Q .  
Final grain yields Table 11 shows the treatment 
means for the final grain yield (kg/ha at 15.5% moisture), 
the kernel size (expressed as g/100 kernels), and the number 
of kernels per hectare. The mean squares from the analyses 
of variance for these values are reported in Table 12. In­
creased levels of soil P and K fertility resulted in highly 
significant increases in the grain yield, seed size, and seed 
number at harvest. 
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Table 11. Treatment means for the final grain yield, kernel 
size, and number of kernels per hectare in 1984 
Grain Kernel Kernels/ 
yield size ha ^ 
Treatment kg/ha g/100 (X LOG) 
Check 4116 14.49 28.81 
PI 6273 16.53 37.90 
P2 6373 17.03 37.27 
P3 6105 17.40 34.95 
K 5102 15.82 32.43 
PlK 7119 17.60 40.53 
P2K 7814 20.00 39.04 
P3K 8640 20.25 42.68 
Mean 6443 17.39 36.70 
LSD 1086 2.26 4.66 
Table 12. Mean squares from the analyses of variance for 
the final grain yield, kernel size, and number of 
kernels per hectare in 1984 
Source of Grain Kernel Kernels/ 
variation df yield^ size ha^ 
Rep 3 1.08 2.84 2.18 
P 3 12.57** 22.46** 13.30** 
Linear 1 30.19** 62.06** 22.13** 
Quadratic 1 6.53** 5.13 12.59** 
Cubic 1 0.99 0.19 5.18* 
K 1 16.86** 33.76** 12.39** 
P*K 3 1.17 1.96 1. 39 
Error 21 0.55 2.36 1.00 
10^ for actual mean squares. 
10^^ for actual mean squares. 
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Corn grain yield varied from 4116 to 8640 kg/ha at the 
lowest and highest PK fertility levels, respectively (Table 
11), At the same fertility levels, the size of kernels 
ranged from 14.49 to 20.25 g/100 kernels, and the number of 
kernels from 28.81 x 10^ to 42,68 x 10® kernels/ha, respec­
tively. These values represent an increase of 52, 28, and 
32% in grain yield, seed size, and seed number, respectively, 
for the highest PK soil fertility level over the check. 
The response in grain yield to increased levels of soil 
P availability was different at different levels of soil 
test K. The simple effect of P at the Kq level was such that 
the P^ level resulted in practically all the increase in 
yield obtained at this level of K fertility. At the higher 
level of K, however, grain yield increased steadily with in­
creased levels of soil P availability. Averaged over both 
levels of K, the main effects of P showed increases in yield 
as soil test P increased, with the largest increase in yield 
obtained as soil test P increased from Pq to P^. The in­
creases in yield obtained as soil test P increased from P^ 
to P2 and P2 to P^ were small and nonsignificant, illustrat­
ing the significant quadratic effect of P levels on grain 
yield (Table 12). Response in grain yield to the P^, P2, 
and Pg levels over Pq was 2087, 2485 and 2764 kg/ha, respec­
tively. Response to K over Kq was 1452 kg/ha. 
Increased levels of soil P fertility resulted in steady 
86 
increases in the size of kernels produced at both levels of 
soil test K. However, only the P2 and Pg levels of soil test 
P resulted in significantly larger seeds than those obtained 
at the Pq level at both levels of soil K. The number of 
seeds produced/ha increased significantly with the increase 
in soil test level from Pq to P^ at both levels of K. Kernel 
numbers did not change as a result of the increase in the 
soil test from P^ to P2, but declined slightly at the Kg 
level and increased slightly at the K^^ level as soil P fer­
tility increased from the P2 to the Pg level. It ought to 
be mentioned,, however, that despite the different trends 
observed, the number of seeds/ha at the P^, P2, and P^ 
levels were not significantly different at the same level of 
soil available K. 
Figure 4 (A, B, and C) illustrates the effect of the 
different soil P test levels on the final grain yield, 
kernel size, and kernel number, respectively, at the two 
levels of soil test K. Regression equations were fitted to 
the data according to the significance obtained from the 
analyses of variance (Table 12), when the main effects of P 
were divided into their linear, quadratic, and cubic compo­
nents. If is obvious from these graphs that increases in 
yield were significant when both the seed size and seed 
number were increased. Increases in seed size with no con­
comitant increase in seed number failed to increase yields. 
Figure 4. Effects of P levels of soil fertility on final 
grain yield (A), seed size (B), and number of 
seeds (C) produced at the two levels of soil K 
(P-K experiment, 1984) 
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as in the case of increased levels of P at the Kq level of 
soil fertility. 
Nutrient concentrations Chemical analyses were per­
formed on ear leaf samples taken at 14-day intervals from 
silking to 56 DAS, on grain samples taken at 7-day intervals 
from 14 DAS to 35 DAS and at harvest, and on husk samples 
taken at 56 DAS. The husks were divided into outer, middle, 
and inner portions as already discussed in the Materials and 
Methods section. 
The nutrient concentrations in the ear leaves, grain, 
and husks will be discussed separately. In each part, the 
macronutrients (i.e., N, P, K, S, Ca, and Mg) were grouped 
separately from the micronutrients (i.e., Mn, Fe, B, Cu, 
and Zn, as well as A1 and Na) in tables of treatment means 
and analyses of variance. From here on, all references to 
micronutrients will also include A1 and Na. 
Ear leaves Treatment means for the concentra­
tions of the macro- and micronutrients in the ear leaves 
during the seed-filling period of 1984 are reported in 
Appendix Tables A3 and A5. Mean squares from the analyses 
of variance for these values are reported in Appendix Tables 
A4 and A6. 
The average concentrations of N, P, and S in the ear 
leaves decreased progressively at successive sampling stages 
throughout the seed-filling period (Appendix Table A3). 
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Between silking and 28 DAS, the concentration of K remained 
constant, whereas that of Ca increased. Subsequently, the 
K concentration declined while the Ca concentration remained 
constant for the rest of the season. The Mg concentration 
of ear leaves remained virtually unchanged throughout the 
seed-filling period. 
As expected, the concentrations of micronutrients in 
the ear leaves displayed a high degree of variability during 
the seed-filling period. Factors influencing this varia­
bility were discussed in the Literature Review section. 
Between silking and 28 DAS, the trend was for the ear 
leaf concentrations of Fe, B, and A1 to increase, and for 
Cu, Zn, and Na to decrease (Appendix Table AS). Subsequently, 
the concentrations of all these elements declined between 28 
and 42 DAS, and while the average concentrations of Cu and 
Zn remained constant, those of Fe, B, Al, and Na increased 
rapidly from 42 to 56 DAS. The concentration of Mn remained 
essentially unchanged throughout the seed-filling period. 
The analyses of variance reveal a significant effect of 
soil P levels on the ear leaf concentration of N, P, Ca, B, 
Zn, and Na (Appendix Tables A4 and A6). Increased levels of 
soil P availability increased the concentrations of N, P, 
and Ca, but decreased those of B, Zn, and Na. The concentra­
tions of N, P, and Ca in the ear leaves increased with an 
increase in soil test P from Pq to P2, but no further 
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increases were apparent at the level of soil fertility 
(Appendix Table A3). In contrast, the concentrations of B, 
Zn, and Na tended to decrease consistently as soil test P 
increased from Pq to P^, even though their concentrations in 
the ear leaves were not significantly different at the P^, 
P2, or Pg level of soil fertility (Appendix Table A5). 
Figure 5 (A and B) illustrates the effect of different P 
levels on the ear leaf concentrations of N, P, and Ca, and 
Zn, respectively. 
Potassium soil test levels significantly influenced the 
concentrations of P, K, Ca, Mg, B, and A1 (Appendix Tables 
A4 and A6). The higher level of soil test K resulted in an 
increase in K, B, and Al, and a decrease in P, Ca, and Mg 
concentrations of ear leaves (Appendix Tables A3 and A5). 
The analyses of variance revealed no significant P*K inter­
action effect on the concentration of any of the nutrients in 
the ear leaves. Figure 6 (A and B) shows the effect of K 
levels of soil availability on the ear leaf concentrations of 
K and Mg, and Ca and P, respectively. 
Grain Treatment means for the concentrations 
of the macro- and micronutrients in the grain during grain 
development in 1984 are reported in Appendix Tables A7 and 
A9. Mean squares from the analyses of variance are reported 
in Appendix Tables A8 and AlO. 
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Figure 5. Main effects of P levels of soil availability on the concentration of 
N, Ca, and P (A), and Zn (B) in the ear leaves; Pg = average of P2 and 
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Figure 6. Main effects of K levels of soil availability on the concentration of K 
and Mg (A) and Ca and P (B) in the ear leaves (P-K experiment, 1984) 
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decreased progressively at successive sampling stages from 
14 DAS until harvest. The rate of decline in the grain con­
centration of these elements was fast between 14 and 28 DAS 
(fastest between 14 and 21 DAS), and slow from 28 DAS until 
harvest. In contrast, after an initial decline, from 14 to 
21 DAS for CA and 14 to 28 DAS for Mg, the grain concentra­
tions of Ca and Mg remained constant for the rest of the 
season (Appendix Table A7). 
The concentrations of all micronûtrients in the grain 
declined rapidly between 14 and 21 DAS (Appendix Table A9). 
Beyond 21 DAS, however, different patterns of change in con­
centrations with time were observed for the different micro-
nutrients. Concentrations of B and Zn continued to decrease 
until 28 DAS, and remained constant from that time until har­
vest. The decline in the concentrations of Mn and Cu con­
tinued until 35 DAS, and while the concentration of Mn re­
mained constant, that of Cu increased slightly between 35 
DAS and harvest. After the initial decline between 14 and 
21 DAS, the concentration of A1 in the grain remained un­
changed for the rest of the season. Sodium concentration 
followed the same pattern as that of Al, except for a slight 
increase between 35 DAS and harvest. Iron concentration in 
the grain with time was more erratic than the rest of the 
micronûtrients. After the initial decline between 14 and 21 
DAS, the concentration of Fe in the grain increased between 
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21 and 28 DAS, remained constant between 28 and 35 DAS, and 
decreased between 35 DAS and harvest. 
The analyses of variance show significant effects of 
soil P levels on the grain concentrations of N, P, S, Cu, 
Zn, and Na (Appendix Tables A8 and AlO). Higher levels of 
soil test P resulted in an increase in the concentration of 
P, and a decrease in the concentrations of N, S, Cu, Zn, and 
Na (Appendix Tables A7 and A9). The main effects of P, 
averaged over the grain development period, show that the P2 
and P^ levels of soil test P resulted in significantly higher 
P concentrations in the grain than at the Pq and P^ levels. 
Differences in grain P concentrations between the Pq and P^ 
levels and/or the P2 and Pg levels were not statistically 
significant. Figure 7 shows the main effects of P levels 
on the concentration of P in the grain. 
The concentrations of N, S, Cu, Zn, and Na in the grain 
decreased with an increase in soil test P from the Pq to the 
P^ fertility level. Differences in the concentrations of 
these elements were not significantly different as P fer­
tility increased from the P^^ to the Pg level. 
The higher soil test K level had a significant effect 
on the grain concentration of Mn, S, and Na (Appendix Tables 
A8 and AlO). Increased soil test K resulted in an increase 
in the concentration of Mn and a decrease in the concentra­
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Higher soil test K tended to increase the K concentration in 
the grain, but the increase failed to be significant at the 
0.05 level of probability. Grain K concentration was slight­
ly higher at the higher soil test K level early in the season 
(at 14 DAS), but the difference disappeared as the season 
progressed (Figure 8). Similarly, higher N and P concentra­
tions in the grain were associated with the higher soil test 
K level at 14 DAS. Subsequently, however, as the season 
progressed, the concentrations of these nutrients in the 
grain became higher at the lower level of K fertility. Simi­
lar K*stage interaction effects were significant on the grain 
concentrations of S, Mn, Fe, Zn, and Na (Appendix Tables A8 
and AlO). 
Husks Treatment means for the nutrient concen­
trations of outer, middle, and inner portions of husks 
sampled at 56 DAS are presented in Appendix Tables All and 
A13. Mean squares from the analyses of variance are pre­
sented in Appendix Tables A12 and A14. 
With only a few exceptions, outer and middle husks 
tended to have the highest and lowest nutrient concentrations 
respectively (Appendix Tables All and A13). Differences due 
to position were significant with N, K, S, Ca, Mg, B, and Cu 
concentrations (Appendix Tables A12 and A14). Contrary to 
the trend observed with most nutrients, inner husks had the 
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Figure 8. Main effects of K levels of soil availability on 
the concentration of K in the grain (P-K experi­
ment, 1984) 
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tion of Mg. 
The analyses of variance show significant effects of P 
levels on the concentrations of S, Ca, Mg, Cu, and Zn, and 
of K levels on the concentrations of N, P, K, Ca, Mg, Mn, 
Fe, Al, and Na in the husks. Increased levels of P avail­
ability in the soil tended to increase Ca concentration and 
decrease S, Mg, Cu, and Zn concentrations in the husks. In­
creased K availability resulted in an increase in the K, Fe, 
Al, and Na concentrations and a decrease in the N, P, Ca, Mg, 
and Mn concentrations of the husks. 
The significant P*position effect on the concentration 
of S and K*position effect on the concentrations of Ca, Mg, 
Fe, B, and Zn (Appendix Tables A12 and A14) mean that the 
effect of levels of soil fertility on the concentrations of 
these nutrients was different in different portions of the 
husks. From an agronomic point of view, the importance of 
such interactions, or lack of it, is difficult to assess. 
Nutrient contents The dry weights and nutrient con­
centrations of the ear leaves and the grain were used to cal­
culate the data reported in this section. In that respect, 
the nutrient contents of the ear leaves and grain reflect the 
combined effects of dry weights and nutrient concentrations 
in these parts at the same sampling stages reported in the 
previous section. Nutrient contents are reported in kg/ha 
and g/ha for the macro- and micronutrients, respectively. 
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Ear leaves Treatment means for the macro- and 
micronutrient contents of ear leaves during the seed-filling 
period of 1984 are.reported in Appendix Tables A15 and A17. 
Mean squares from the analyses of variance for these values 
are reported in Appendix Tables A16 and A18. 
In a manner similar to their concentrations, the aver­
age contents of N, P, and S in the ear leaves declined pro­
gressively at successive sampling stages throughout the seed-
filling period (Appendix Table A15). The amounts of K and 
Ca in the ear leaves increased between silking and 14 DAS. 
Subsequently, the K content decreased towards the end of the 
season, whereas the Ca content remained constant between 14 
and 28 DAS, and decreased beyond 28 DAS until the end of the 
season. The Mg content of ear leaves remained constant from 
silking to 28 DAS following the same trend as Mg concentra­
tion, but decreased beyond 28 DAS, reflecting the loss in the 
leaf dry weight. 
The decrease in the Ca content of ear leaves between 28 
and 56 DAS also reflects the decrease in the dry weight of 
ear leaves, since Ca concentration in the ear leaves remains 
constant at these stages. The decrease in K content, however, 
is a result of the combined effect of the decrease in dry 
weight of ear leaves as well as their concentration. In 
contrast, the increase in the K content of ear leaves between 
silking and 14 DAS is strictly a result of increased dry 
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weights of ear leaves, since their K concentration remains 
constant at these stages, whereas the increase in Ca content, 
observed at the same stages, is due to an increase in both 
the dry weight of the ear leaves and their Ca concentration. 
The Fe, B, and" "Al contents of ear leaves increased be­
tween silking and 14 DAS, renained constant between 14 and 
28 DAS, and decreased between 28 and 42 DAS. Beyond 42 DAS, 
the amount of Fe and A1 remained constant, whereas that of 
B continued to decrease until 56 DÂS (Appendix Table A17). 
The amounts of Cu and Zn remained constant between silking 
and 14 DAS, and declined from that time until the end of the 
season. Similarly, Mn content of ear leaves remained con­
stant until 28 DAS, and declined from then on. Sodium con­
tent of ear leaves decreased progressively from silking until 
56 DAS. The variations in the amounts of micronutrients 
seemed to more closely reflect the variation in dry weight 
of ear leaves during the seed-filling period than micro-
nutrient concentrations. 
The analyses of variance reveal significant effects of 
P levels of soil fertility on the ear leaf content of all 
the nutrients except Mn and Zn (Appendix Tables A16 and A18). 
Steady increases in the ear leaf content of nutrients were 
obtained as soil P availability increased from the Pg to the 
P2 level. The increase in P availability from the Pg to the 
Pg level tended to cause a reduction in the amounts of these 
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nutrients in the ear leaf except for K. These reductions in 
nutrient content of ear leaves reflect the slight reduction, 
referred to earlier, in the dry weight of ear leaves as P 
fertility increased from the P2 to the Pg level. 
Although only the leaf concentrations of N, P, and Ca 
were significantly increased with increased soil test P, the 
positive effect of increasing soil P availability on the ear 
leaf content of most nutrients indicates that the dry weight 
of ear leaves was increased sufficiently to increase the 
total amounts of nutrients including B and Na, where sig­
nificant reductions in their concentrations in the leaves 
were noted with increased P levels. The significant reduc­
tion in the Zn concentration of ear leaves, however, was not 
overcome by the increase in the dry weight of ear leaves 
obtained as a result of increased soil P. Neither the con­
centration nor the content of Mn in the ear leaves was in­
fluenced by P levels of soil fertility. 
Higher soil test K had a significant effect on the ear 
leaf contents of K, Ca, Mg, Fe, B, Cu, Al, and Na (Appendix 
Tables A16 and A18). Increased soil test K significantly 
increased the amounts of K, Fe, B, Cu, Al, and Na, but de­
creased the amounts of Ca and Mg in the ear leaves. Since 
increased soil K only increased the concentrations of K, B, 
and Al, it follows that the significant increase in the 
amounts of Fe, Cu, and Na was simply a result of increased 
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dry weights of ear leaves in response to K availability. The 
higher K level reduced both the concentration and the content 
of Ca and Mg in the ear leaves. Phosphorus concentration was 
decreased but P content was not influenced by the higher K 
level, reflecting the effect of increased leaf dry weight. 
There was a significant P*K interaction effect on the 
contents of K and Na in the ear leaves (Appendix Tables A15 
and A18). This interaction was positive for the K content 
but negative for the Na content. In the former case, P and 
K had separately increased the K content in the ear leaves, 
and their combined effect was greater than their single addi­
tive value. In the latter case, P and K had also separately 
increased the Na content in the ear leaves, but their com­
bined effect was smaller than their single additive value. 
Figure 9 (A, B, and C) shows the main effects of P on 
the N and Ca, K and Mg, and P and S contents in the ear 
leaves, respectively. In this figure, nutrient contents at 
the higher two levels of P (i.e., P2 and P^) were averaged 
because they were not significantly different. The signifi­
cant P*stage interaction effect on the ear leaf content of K 
and Ca (Appendix Table A16) is illustrated in the figure. 
After reaching a maximum at 28 DAS, the Ca content of ear 
leaves declined faster at the Pq and P^ levels than at the 
Pg level of soil fertility (Figure 9A). In the case of K, 
ear leaves at the P^^ level contained more K than those at the 
Figure 9. Main effects of P levels of soil availability on 
the content of N and Ca (A), K and Mg (B), and 
P and S (C) in the ear leaves; P, = average of 
^2 arid P^ (P-K experiment, 1984) 
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^2 level between silking and 28 DAS. Beyond 28 DAS, however, 
the K content of ear leaves declined faster at the than 
at the P2 level of soil fertility (Figure 9B). 
Figure 10 (A and B) shows the main effects of K on the 
K, and Ca and Mg contents, respectively, in the ear leaves. 
The significant K*stage interaction effect on the ear leaf 
content of these nutrients (Appendix Table A16) is apparent 
in the figure. 
Grain Treatment means for the nutrient contents 
in the grain during grain development in 19 84 are reported 
in Appendix Tables A19 and A21. Mean squares from th.e 
analyses of variance for these values are reported in Appen­
dix Tables A20 and A22. 
As may be expected, the grain content of all nutrients 
increased at successive sampling stages from 14 DAS until 
harvest (Appendix Tables A19 and A21). Few exceptions to 
this general trend were noted, however. For example, the K 
content in the grain declined slightly, yet significantly, 
between 35 DAS and harvest (Appendix Table A19) , whereas the 
grain content of Fe and B did not differ significantly, al­
though Fe content tended to decrease and B content to in­
crease from 35 DAS to harvest (Appendix Table A21). Between 
28 and 35 DAS, grain content of Mn, Cu, and A1 did not differ 
significantly, although Mn content increased slightly, 
whereas Cu and A1 contents decreased slightly between the two 
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Figure 10. Main effects of K levels of soil availability on the content of K (A), 
and Ca and Mg (B) in the ear leaves (P-K experiment, 1984) 
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stages. The grain content of these elements increased sig­
nificantly,. however, from 35 DAS to harvest. Similarly, 
grain content of Na increased slightly but nonsignificantly 
between 14 and 21 DAS, and continued to increase signifi­
cantly at later stages of growth. 
Except for Ca, Fe, Cu, Al, and Na, the rate of nutrient 
accumulation in the grain was fastest between 14 and 21 DAS. 
Calcium accumulation rate was constant, except for a slightly 
higher rate between 28 and 35 DAS. The rate of Fe and Al 
accumulation in the grain was fastest between 21 and 28 DAS, 
whereas that of Cu and Na was fastest between 35 DAS and 
harvest. 
The analyses of variance show a significant effect of P 
on the grain content of all nutrients (Appendix Tables A20 
and A22). Averaged over stages, the main effects of P on 
grain nutrient contents revealed that except for P, the P^ 
level of soil fertility resulted in the highest amount of 
nutrients in the grain. Further increases in soil test P 
from the P^ to the Pg and P^ levels resulted in nonsignifi­
cant reductions in the grain content of all nutrients (except 
P), compared to those obtained at the P^ level (Appendix 
Tables A19 and A21). In the case of P content, the main 
effects of P averaged over stages show that steady increases 
were obtained as soil test P increased from the Pg to the P2 
level. Grain P content obtained at the P^ level was the same 
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as that obtained at the P2 level of soil test P. 
Judging from the above discussion and from the data on 
grain dry weight, it was expected that, when averaged over 
the entire sampling period, the P^ level of soil fertility 
would result in the highest nutrient contents, since the 
highest average grain dry weights were obtained at this 
level. At harvest, however, slight increases in the grain 
content of most nutrients were obtained at the P2 level over 
the P^ level, reflecting the nonsignificant yield increases 
observed as soil test P increased from the P^ to the Pg level. 
Obviously, the P2 and P^ levels of soil fertility, while in­
creasing the P concentration and P content in the grain over 
the P^ level, failed to increase grain dry weights according­
ly. Figure 11 (A, B, and C) shows the main effects of P 
levels on the grain content of N and K, P and S, and Ca and 
Mg, respectively. 
The higher soil test K tended to increase the grain 
content of all nutrients, except Al. However, increases in 
grain content due to K were significant only with N, Ca, B, 
and Cu (Appendix Tables A20 and A22). This finding suggests 
that K effect on grain dry weight, although significant, was 
not large enough to significantly influence the amounts of 
most nutrients in the grain, including K. Conversely, how­
ever, the significant increase in the amounts of N, Ca, B, 
and Cu was due to the increase in grain dry weight at the 
Figure 11. Main effects of P levels of soil availability on 
the content of N and K (A), P and S (B), and 
Ca and Mg (C) in the grain; P^ = average of P-
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higher level of K, since the concentrations of these nutri­
ents in the grain were not significantly influenced by the 
level of K. Figure 12 (A and B) illustrates the main effects 
of K levels on the grain content of N and K, and Ca, re­
spectively, 
1985 data 
Dry weights Only the dry weights of ear leaves, 
cobs, and grain were determined during the seed-filling 
period of 1985. Sampling of these parts was started at 
silking, and continued at 14-day intervals until 56 DAS, for 
a total of 5 sampling stages. Treatment means for the dry 
weights of the above-mentioned parts at successive sampling 
stages are presented in Appendix Table A23. Mean squares 
from the analyses of variance for these values are reported 
in Appendix Table A24. 
Average dry weight of ear leaves remained essentially 
constant between silking and 28 DAS, and declined thereafter. 
At 56 days, ear leaves averaged 91% of their maximum weight 
observed at silking. The pattern of variation in the dry 
weight of ear leaves with stages was different in 1985 than 
in 1984. Maximum dry weights were achieved at silking in 
1985 and at 14 DAS in 1984. At 56 DAS, ear leaves averaged 
91% of their maximum weight in 1985 compared to 47% of their 
maximum weight in 1984, indicating a much larger loss in leaf 
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Figure 12. Main effects of K levels of soil availability on the content of N 
and K (A) and CA (B) in the grain (P-K experiment, 1984) 
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The dry weight of cobs increased rapidly from silking 
to 14 DAS and continued to increase, at a much slower rate, 
until 42 DAS. Subsequently, the dry weight of cobs leveled 
off for the rest of the season. This trend is similar to 
the one observed in 1984, although cobs reached their maximum 
dry weight earlier in 1984 than in 1985. 
At 14 DAS, corn plants had produced roughly 8% of their 
average grain yield at maturity. The increase in grain dry 
weight was linear between 14 and 42 DAS, and continued to in­
crease at a slower rate until 56 DAS. Percent of maximum 
grain weight obtained at different stages were 44, 84, and 
100% at 28, 42, and 56 DAS, respectively. Between 42 and 
56 DAS, grain accumulated an average of 1338 kg/ha of dry 
matter as compared to 400 kg/ha in 1984 (Appendix Tables 
A23 and Al). 
The analysis of variance shows only a significant ef­
fect of P on the dry weight of ear leaves (Appendix Table 
A24). Dry weight of ear leaves increased linearly with in­
creased levels of soil P fertility. This is not in agree­
ment with the 1984 data where P levels had a curvilinear 
effect on the dry weight of ear leaves (and of all other 
plant parts sampled). Ear leaf dry weights were not influ­
enced by K levels and the dry weights of cobs and grain were 
neither influenced by P nor K levels of soil fertility. How­
ever, the analysis of variance did show a significant 
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P*stage interaction on the dry weights of ear leaves and cobs, 
and a K*stage interaction on the dry weight of grain. 
Figure 13 shows the main effects of the Pq and 
levels of soil fertility on the dry weights of ear leaves 
and cobs during the seed-filling period of 1985. The P^ and 
P2 fertility levels generally resulted in intermediate dry 
weights compared to those obtained at the extreme levels. 
Differences, however, were only significant in the dry 
weights of ear leaves at the Pq and P^ levels of soil fer­
tility as indicated by Appendix Tables A23 and A24. Part of 
the overall P*stage interaction effect on the dry weights of 
ear leaves and cobs is apparent in Figure 13, particularly 
between silking and 14 DAS, and 42 and 56 DAS. 
Figure 14 shows the main effects of K levels of soil 
fertility on the dry weight of grain at successive stages 
during the seed-filling period. The K*stage interaction is 
illustrated by the divergence of the two lines representing 
the dry weights of grain at the different levels of K. 
Perhaps more importantly. Figure 14 illustrates the reason 
for the absence of significant effects due to K (and P) 
levels of soil fertility on the dry weights of grain when 
averaged over the seed-filling period. The small 
differences due to levels of K (and of P) during the early 
part of the season apparently masked the wider differences 
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Figure 13. Effects of Pq and P3 levels of soil availability 
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Figure 14. Main effects of K levels of soil availability 




Final grain yields Table 13 shows the treatment 
means for the final grain yield (kg/ha at 15.5% moisture), 
the kernel size (expressed as g/100 kernels), and the number 
of kernels per hectare. Mean squares from the analyses of 
variance for these values are reported in Table 14. 
Corn grain yield varied from 7707 to 11095 kg/ha at the 
lowest and highest PK fertility levels, respectively (Table 
13). At the same fertility levels, the kernel size ranged 
from 21.89 to 25.69 g/100 kernels, and kernel number from 
34.78 X 10® to 43.19 x 10® kernels/ha, respectively. These 
values represent an increase of 31, 15, and 19% in grain 
yield, seed size, and seed number, respectively, for the 
highest PK soil fertility level over the check. 
The analyses of variance show a highly significant ef­
fect of P on grain yield and kernel number. Main effects of 
K were highly significant on grain yield and kernel size, 
and significant on kernel number. Although average main 
effects of P were not significant on the kernel size, the 
linear component of P was significant. The linear component 
of P was also highly significant on grain yield and kernel 
number. The linear increases observed with increased levels 
of P were primarily at the higher level of K. At the lower 
level of K, the data for these values were erratic, and no 
clear trend was observed with increasing soil P fertility. 
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Table 13. Treatment means for the final grain yield, kernel 
size, and number of kernels per hectare in 1985 
Grain Kernel Kernels/ 
yield size ha g 
Treatment kg/ha g/100 (X loG) 
Check 7707 21.89 34.78 
Pi 8759 22. 34 39.05 
P2 8547 23.04 37.20 
P3 8893 22.03 40. 30 
K 8185 22.99 35.41 
PlK 9570 23.34 41.06 
PzK 10544 24.59 42. 87 
P3K 11095 25.69 43.19 
Mean 9162 23.24 39.23 
LSD 1626 1.73 5.10 
Table 14. Mean squares from the analyses of variance for 
the final grain yield, kernel size, and number of 
kernels per hectare in 1985 
Source of Grain Kernel Kernels/ 
variation df yield^ size ha^ 
Rep 3 1.99 5.84* 1.46 
P 3 6.18** 4.03 6.60** 
Linear 1 17.04** 10.93* 15.89** 
Quadratic 1 1.19 0.25 2.11 
Cubic 1 0. 33 0.90 1.81 
K 1 15.06** 26.70** 6. 27* 
P*K 3 1.46 3.13 0.90 
Error 21 1.22 1.38 1.20 
10^ for actual mean squares. 
10^^ for actual mean squares. 
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The analyses of variance (Table 14) also suggest that the 
increase in yield due to P was primarily a result of an in­
crease in seed number, whereas that due to K was mainly a 
result of increased seed size. Response in grain yield to 
the P^, P2, and Pg levels over Pq was 1219, 1600, and 2048 
kg/ha, respectively. The response to K over Kq was 1372 
kg/ha. 
Nutrient concentrations Chemical analyses were per­
formed on ear leaf samples taken at 14-day intervals from 
silking to 56 DAS, and on grain samples taken at 28 DAS and 
at harvest. Chemical analyses were not performed on ear 
leaves sampled from treatments at the P^ level (at both 
levels of K) or on grain sampled from treatments at the P^ 
and Pg levels (at both levels of K). Consequently, data on 
nutrient concentrations were statistically analyzed as a 
3x2 P-K factorial in the case of ear leaves, and as a 
2x2 P-K factorial in the case of grain. 
Ear leaves Treatment means for the concentra­
tions of the macro- and micronutrients in the ear leaves dur­
ing the seed-filling period of 1985 are reported in Appendix 
Tables A25 and A27. Mean squares from the respective analy­
ses of variance are reported in Appendix Tables A26 and A2 8. 
The average concentration of N and S in the ear leaves 
decreased progressively at successive sampling stages through­
out the seed-filling period (Appendix Table A25). Between 
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silking and 14 DAS, the concentration of K remained constant 
whereas that of P increased. Subsequently, the concentra­
tion of both elements decreased for the rest of the season. 
The concentration of Ca increased significantly and of Mg 
slightly between silking and 42 DAS, and while Ca concentra­
tion remained constant between 42 and 56 DAS, that of Mg de­
creased during the same period. 
The concentration of Fe and A1 in the ear leaves de­
creased from silking to 14 DAS, and increased thereafter 
(Appendix Table A27). The ear leaf concentration of B, Zn, 
and Na increased from silking to 14 DAS. Between 14 and 28 
DAS, the concentration of B decreased, whereas that of Zn 
remained constant. Subsequently, the concentration of B 
increased while that of Zn decreased towards the end of the 
season. Sodium concentration decreased slowly between 14 and 
42 DAS, and rapidly between 42 and 55 DAS. Copper concentra­
tion in the ear leaves decreased rapidly from silking to 28 
DAS and slowly from 2 8 DAS to 56 DAS. The concentration of 
Mn in the ear leaves remained constant throughout the seed-
filling period. 
The trend in the ear leaf concentration of macronutri-
ents at successive sampling stages during the seed-filling 
period was similar in 1985 to the one observed in 1984 (Ap­
pendix Tables A25 and A3). The variation in Mn, Cu, B, and 
Zn concentrations in the ear leaves with time followed 
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similar trends during the two seasons (Appendix Tables A27 
and A5). In the case of Fe and Al, the only similarity be­
tween the two years was a late season (i.e., between 42 and 
56 DAS) increase in their ear leaf concentration. The trend 
for Na concentration in 1985 was a complete reversal of the 
one observed in 1984. 
The analyses of variance (Appendix Tables A26 and A28) 
reveal a wide-spread replicate variability in the ear leaf 
concentration of nutrients in 1985. This source of varia­
tion was significant on the concentration of N, S, Ca, Mg, 
Mn, B, Cu, Zn, Al, and Na in. the ear leaves. Such wide­
spread replicate variability was not encountered in 1984, 
and it is suspected that this variability may have been a 
result of irrigating two out of the four replications of the 
experiment, as discussed in the Materials and Methods section. 
Water was applied to the irrigated plots with an overhead 
sprinkler system. Based on the constituents of the pond 
water used for irrigation, this "foliar" application of water 
may have influenced the concentration of certain elements in 
the leaves. 
Table 15 shows the pH, electrical conductivity, and con­
centration of various anions and cations in five water 
samples taken from different sites in the pond. The rela­
tively high concentrations of the alkali metals (K and Na) 
and the alkaline earth metals (Ca and Mg) are expected since 
Table 15. Characteristics of pond water used for irrigation in 1985 
Sample Concentration 
no. pH EC° F" C1~ PO^-P NO^-N SO^-S Na K Ca Mg 
1 8.28 0.36 0.62 1.85 0.45 0.00 0.62 57.1. 9.0 30.1 21.1 
2 8.26 0.33 0.60 1.42 0.45 0.00 0.40 53.1 8.6 27.8 21.0 
3 8.42 0.32 0.63 0.36 0.41 0.00 0.25 50.5 9.0 21.8 19.8 
4 8.44 0.30 0.58 1.19 0.34 0.00 0.31 47.8 7.0 21.2 18.5 
5 8.66 0.32 0.57 1.28 0.41 0.23 0.30 49.5 8.8 23.9 19.5 
Mean 8.41 0.33 0.60 1.22 0.41 0.05 0.38 51.6 8.5 25.0 20.0 
Anions were determined by ion chromatography, Na and K by flame photometry 
and Ca** and Mg** by atomic absorption. 
^EC = electrical conductivity in mmhos. 
125 
these are major constituents of most surface and ground 
waters. The high concentration of Na, compared to the rest 
of the cations, was of particular interest. 
Table 16 shows the average concentration of nutrients 
in the ear leaves sampled from the different replications 
over the entire sampling period. The concentration in the 
ear leaves of N, S, Mn, B, Cu, Zn, and Na were consistently 
higher in the first and second replications (irrigated) than 
in the third (nonirrigated). The most striking difference, 
however, was with Na concentration, which was five times 
higher in the ear leaves sampled from irrigated plots than 
in those from nonirrigated ones. Whether irrigation influ­
enced the leaf concentration of these nutrients directly 
through leaf absorption, or indirectly through enhanced root 
uptake is not known. It is suspect, however, that at least 
in the case of Na, direct absorption through the leaves may 
have resulted in such a high accumulation of Na in the irri­
gated plants compared to the nonirrigated ones. 
The concentration of Ca, Mg, and A1 tended to be lower 
in the ear leaves from irrigated plots than from nonirri­
gated ones. It was expected that irrigation would result 
in an increase in the Ca and Mg concentrations, similar to 
the one obtained with Na, because of their relatively high 
concentration in the water. However, when compared to their 
levels in the leaves, Ca and Mg concentrations in the water 
Table 16. Average nutrient concentration of ear leaves sampled from different 
replications of the P-K experiment in 1985^ 
Nutrient concentration (on a dry weight basis) 
Rep^ N P K S Ca Mg Mn Fe B Cu Zn A1 Na 
% |ig/g 
1 2.12 0.18 1.11 0.15 0.78 0.65 48 2l2 7.6 7.1 47 142 471 
2 2.13 0.17 1.05 0.16 0.79 0.70 50 217 8.0 7.4 46 153 496 
3 2.00 0.19 1.02 0.14 0.89 0.81 37 224 7.3 6.5 33 178 87 
^Average over the seed-filling period. 
^Replications 1 and 2 were irrigated, 3 was not. 
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were quite low, whereas Na concentration was quite high. 
Concentrations of P, K, and Fe in the ear leaves were similar 
in the three replications. 
There was a significant effect of P on the concentra­
tion of N, P, and Zn in the ear leaves (Appendix Tables A26 
and A28). The ear leaf concentration of N and P increased, 
and of Zn decreased consistently with increased soil test P, 
although the response was less as P level increased from P2 
to P^ than from Pq to Pg (Appendix Tables A25 and A27). This 
is in agreement with the data from 1984. Also in agreement 
with the data from 1984 was the tendency for the Ca concen­
tration to increase, and for B concentration to decrease with 
increased levels of soil test P, although the effect was not 
statistically significant as in 1984. 
The analyses of variance also show a significant effect 
of K on the concentrations of K, S, Ca, Mg, Mn, Fe, B, and 
Al. The higher level of soil test K increased the concentra­
tion of K, but decreased the concentrations of the other 
nutrients in the ear leaves (Appendix Tables A25 and A27). 
The effect of the higher level of soil K on the ear leaf con­
centration of B and Al was contradictory to the findings in 
1984. Also, the concentrations of S, Mn, and Fe were not 
significantly influenced in 1984 by increased K availability. 
The concentration of P, which was reduced due to increased 
level of K in 1984, was not significantly influenced by K 
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levels in 1985, although lower concentrations of P in the ear 
leaves were associated with the higher level of K from silk­
ing to 28 DAS. Phosphorus concentrations were the same be­
yond 28 DAS at both levels of K. 
Therefore, the only consistent trend in the nutrient con­
centration of ear leaves, as influenced by soil levels of P 
and K availability in both years, was the increase in N and 
P concentration and the decrease in Zn concentration with 
increased P availability, and the increase in K concentration 
and the decrease in Ca and Mg concentrations with increased 
K availability. 
Grain Appendix Tables A29 and A31 show the con­
centration of the macro- and micronutrients in the grain at 
28 DAS and at harvest. Mean squares from the analyses of 
variance for these values are presented in Appendix Tables 
A30 and A32. 
The concentrations of N, P, K, S, Mg, B, and Cu in the 
grain were significantly lower at harvest than at 28 DAS. 
The concentrations of Ca, Zn, Al, and Na were the same and 
those of Mn and Fe were higher at harvest time (Appendix 
Tables A29, A30, A31, and A32). These findings are basically 
in agreement with the 1984 data except for the concentrations 
of Mg, Mn, Fe, and Na. In 1984, Mg concentration in the 
grain remained constant (decreased in 1985), Mn and Fe con­
centrations decreased (increased in 1985), and Na concentra-
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tion increased (remained unchanged in 1985) between 28 DAS 
and harvest (Appendix Tables A7 and A9). These differences, 
however, were too small to generate interest, and the presence 
of statistically significant differences in one year but not 
in the other probably reflected more the variability in the 
error terms rather than in the overall trend. For example, 
in 1984, the concentration of Mg in the grain was 0.10% at 
28 DAS and at harvest (Appendix Table A7). In 1985, the 
values were 0.11% and 0.09% at 28 DAS and harvest, respec­
tively (Appendix Table A29). Realistically, these values 
were similar at both stages in both years, despite the dif­
ferences inferred from the analyses of variance. The ex­
tremely high level of Na in the leaves did not influence Na 
concentration in the grain. 
Increased soil test P from the Pg to the P^ level re­
sulted in a significant effect on the concentrations of P, 
Cu, and Zn in the grain (Appendix Tables A30 and A32). The 
higher level of P increased the P concentration and decreased 
the Cu and Zn concentrations in the grain (Appendix Tables 
A29 and A31). This is in agreement with the data from 1984, 
although increased P levels in 1984 had also resulted in a 
decrease in the concentration of N, S, and Na in the grain. 
It ought to be mentioned, however, that the sensitivity of 
the analyses of variance for the concentration of nutrients 
in the grain was much higher in 1984. All four P levels at 
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five sampling stages were tested in 1984 compared to the 
testing of only two P levels at two stages in 1985. The 
higher overall degrees of freedom in 1984 would enhance the 
sensitivity of the tests of significance in the analyses of 
variance over 1985. 
Main effects of K were restricted "to a significant in­
crease in the A1 concentration in the grain at the higher 
level of K (Appendix Tables A31 and A32). This may be another 
outcome of the poor sensitivity of the 1985 analyses of vari­
ance. However, the effects of the higher level of K in 1984 
on the grain concentration of nutrients were also limited to 
an increase in the concentration of Mn, and a decrease in the 
concentrations of S and Na. Furthermore, as illustrated in 
Figure 8, the higher level of K did not influence the concen­
tration of K (or N and P) in the grain beyond 21 DAS. These 
limited effects of K levels on the grain concentration of 
nutrients in both years could be a result of the fact that 
the soil test K levels only ranged from low to medium (Table 
8), and hence, the higher K level, while influencing an in­
crease in the dry weight of grain, apparently was not high 
enough to influence the concentration of most nutrients in 
the grain, including K. 
Appendix Table A30 shows a significant P*K interaction 
on the P concentration in the grain. This interaction stems 
from the fact that the Pg treatment resulted in a 0.02% 
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average increase and the K treatment in a 0.04% average de­
crease in grain P concentration compared to the check (Appen­
dix Table A29). The P^K treatment resulted in a 0.04% in­
crease in P concentration, for a positive interaction. 
In summarizing the effects of P levels of soil fertility 
on the grain concentration of nutrients in 1984 and 1985, it 
can be stated that higher P levels consistently increased the 
concentration of P and decreased the concentrations of Zn and 
Cu. However, no consistent effects of K levels on the grain 
concentration of nutrients were found in the two years. 
Nutrient contents Data on the nutrient contents of 
ear leaves and grain reflect measurements of the same treat­
ments at the same stages that were referred to in the previ­
ous section on nutrient concentrations. 
Ear leaves Treatment means for the nutrient 
contents of ear leaves during the seed-filling period of 
are reported in Appendix Tables A33 and A35. Mean squares 
from the corresponding analyses of variance are reported in 
Appendix Tables A34 and A36. 
The variation in the contents of macro- and micronutri-
ents in the ear leaves with time in 1985 closely resembled 
the variation in their concentrations. This is a result of 
the fact that the dry weights of ear leaves did not decline 
as dramatically in 1985 as they did in 1984 at successive 
sampling stages during the seed-filling period. As a result. 
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the variation in the contents of these nutrients in the ear 
leaves was more a function of the variation in their concen­
tration than of the dry weights of ear leaves at successive 
sampling stages. 
Differences due to replication were significant for the 
ear leaf contents of Ca, Mg, Mn, Zn, Al, and Na (Appendix 
Tables A34 and A36). Higher contents of Mn, Zn, and Na, and 
lower contents of Ca, Mg, and Al were found in the leaves 
sampled from the first and second replication (irrigated)' 
than in the leaves sampled from the third (nonirrigated) one 
(Table 17). 
This resulted from the higher concentrations of Mn, Zn, 
and Na, and the lower concentrations of Ca, Mg, and Al in the 
ear leaves of plants sampled from irrigated plots than those 
from nonirrigated ones, as discussed in the previous section 
on nutrient concentrations (Table 16). Apparently, the sig­
nificantly higher concentrations of N, S, B, and Cu in the 
leaves from irrigated plots were not high enough to signifi­
cantly influence their total amounts in those leaves. In a 
similar fashion to its concentration, the Na content in the 
leaves of irrigated plants was more than five times higher 
than in the leaves from nonirrigated ones (Table 17). 
The analyses of variance show a significant effect of P 
on the ear leaf content of all nutrients except Na (Appendix 
Tables A34 and A36). Except for Zn, increased levels of soil 
Table 17. Average nutrient contents of ear leaves sampled from different 
replications of the P-K experiment in 1985^ 
Nutrient content 
Repb N P K S Ca Mg Mn Fe B Cu Zn A1 Na 
kg/ha g/ha 
1 12.8 1.1 6.6 0.9 4.7 3.9 29 127 6 5 27 84 279 
2 11.7 1.0 5.8 
CO d
 4.3 3.8 27 117 4 4 24 83 269 
3 12.1 1.2 6.2 
CO d
 5.4 4.8 22 134 4 4 20 106 49 
^Average over the seed-filling period. 
'^Replications 1 and 2 were irrigated, 3 was not. 
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test P consistently increased the contents of nutrients in 
the leaves (Appendix Tables A35 and A37). Zinc content in 
the leaves decreased with increased levels of soil test P. 
Since only the concentrations of N and P were significantly 
increased due to higher P levels, it follows that the in­
creased amounts of most nutrients were a result of increased 
leaf dry weights in response to P. This increase in leaf 
dry weights, however, did not compensate for the reduction 
in Zn concentration with increased P levels. 
The analyses of variance also show a significant effect 
of K on the ear leaf content of K, Ca, Mg, Mn, Fe, and A1 
(Appendix Tables A34 and A36). The higher level of soil test 
K increased the amount of K and decreased the amounts of Ca, 
Mg, Mn, Fe, and Al (Appendix Tables A35 and A37). Since in­
creased K level did not significantly affect the dry weight 
of ear leaves, and since the concentrations of Ca, Mg, Mn, 
Fe, and Al in the ear leaves were reduced due to the higher 
level of K, it is deduced that the reduction in the contents 
of these nutrients was a result of the reduction in their 
concentrations in the ear leaves. Similarly, the increase 
in the K content of ear leaves was a result of the increase 
in their K concentration due to the higher level of soil 
test K. 
Appendix Table A35 shows a significant P*K interaction 
on the K content of ear leaves. Average response in the K 
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content of ear leaves due to the higher K level was +2.26 
kg/ha, and due to the higher P levels was -0.18 kg/ha com­
pared with the check. Together, the higher PK levels aver­
aged a +4.81 kg/ha response, for a positive interaction. 
Consistent trends for both years were the increase in 
the ear leaf contents of all nutrients, except Zn, with in­
creased levels of soil P fertility. This was mainly due to 
the significant increase in the dry weights of ear leaves 
at higher levels of P. Common effects of increasing K fer­
tility in both years were the increase in the K content and 
the decrease in the Ca and Mg contents of ear leaves. Also 
common to both years was a positive significant P*K interac­
tion effect on the K content of ear leaves. 
Grain Appendix Tables A37 and A39 show the 
contents of the macro- and micronutrients, respectively, in 
the grain at 28 DAS and at harvest. Mean squares from the 
corresponding analyses of variance are presented in Appendix 
Tables A38 and A40. 
Except for K and B, the amounts of nutrients in the grain 
increased significant from 28 DAS to harvest. Potassium con­
tent remained the same, whereas that of B decreased between 
28 DAS and harvest. Only B showed a different trend from the 
one observed in 1984, where the B content in the grain in­
creased from 28 DAS to harvest (Appendix Table A21). 
The high level of soil test P (i.e., P^) tended to 
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increase the amounts of all nutrients in the grain, except 
for Cu (Appendix Tables A37 and A39). However, the effects 
of P were only .significant on the grain content of P, K, Mg, 
and Fe (Appendix Tables A38 and A40). In 1984, higher P 
levels significantly increased the amounts of all nutrients 
in the grain. The limited significance of P effects in 1985 
may be an outcome of the limitations in the sensitivity of 
the analyses of variance in 1985 to tests of significance, 
as already discussed earlier. The higher K level did not 
influence the nutrient contents in the grain. 
Appendix Table A38 shows a significant P*K interaction 
on the P content in the grain. The response in P content for 
the Pg treatment was an increase of 1.29 kg/ha, for the K 
treatment a decrease of 3.88 kg/ha, and for the P^K treatment 
an increase of 5.72 kg/ha, compared to the check (Appendix 
Table A37). The significant P*stage interaction in Appendix 
Tables A38 and A40 indicate that the differences in the grain 
content of N, P, S, Mg, Fe, and Cu between the PQ and P^ 
levels were higher at harvest than at 28 DAS. 
The effects of P and K fertility levels on the nutrient 
contents emphasize that dry weights and nutrient composition 
of ear leaves and grain were more strongly influenced by the 
higher P levels than the higher K level of soil fertility. 
These results were not surprising, since levels of soil 
available P ranged from very low to very high, whereas levels 
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of soil available K ranged from low to medium. 
Due to the fact that this experiment involved dry 
weights of many parts and their nutrient composition, dif­
ferent sampling stages, different levels of P and K avail­
ability, and two seasons of growth, it is difficult to follow 
closely the variation in these factors. It is helpful, there­
fore, to summarize some of the data in such a way as to pro­
vide a quick comparison of some of these variables. Table 18 
shows the average dry weights and nutrient concentrations of 
ear leaves at silking and 56 DAS, and of the grain at harvest 
in 1984 and 1985 for the lowest and highest treatments of the 
experiment. Nutrient contents in these parts at the same 
stages in both years are summarized in Table 19. 
The N-P-K Experiment 
Soil test results 
Soil test values for the two treatment levels of P and 
K and their soil test classifications were calculated from 
Table 3 and presented in Tables 20 and 21, respectively. 
Soil test P and K values tended to be slightly higher in 
1985 than in 1984, although their soil test classifications 
were the same in both years. Very low and medium classifica­
tions were associated with the Pq and P levels, whereas low 
and medium classifications were associated with the Kq and 
K levels. 
Table 18. Average dry weights and nutrient concentrations of ear leaves at silk­
ing and 56 days after silking, and grain at harvest in 1984 and 1985 
for the check and the P^K treatments of the P-K experiment 
Ear leaves (silking) Ear leaves (56 DAS) Grain (harvest) 
1984 1985 1984 1985 1984 1985 
Check .P3K Check P3K Check P3K Check P3K Check P3K Check P3K 
Dry 
wts 462 546 593 650 83 364 481 612 3478 7301 6512 9375 
(kg/ha) 
Nutrient concentrations (%) 
N 2.68 3.05 2.51 2.52 1.35 1.10 1.23 1.33 1.65 1.37 1.38 1.43 
P 0.27 0.29 0.20 0.24 0.07 0.14 0.08 0.11 0.20 0.24 0.22 0.26 
K 1.16 1.92 0.89 1.65 0.68 1.54 0.40 1.23 0.36 0.37 0.33 0.34 
S 0.20 0.22 0.17 0.18 0.13 0.11 0.11 0.11 0.12 0.11 0.10 0.09 
Ca 0.82 0.64 0.81 0.64 1.03 1.10 0.88 0.85 0.01 0.01 0.01 0.01 
Mg 0.75 0.38 0.88 0.53 0.72 0.38 0.75 0.57 0.10 0.10 0.09 0.09 
Nutrient concentrations (iig/g) 
Mn 57 39 42 40 71 49 48 35 4 4 8 8 
Fe 160 139 170 194 340 234 319 198 22 22 32 28 
B 8 7 6 6 13 11 9 10 2 2 1 1 
Cu 9 9 7 8 7 8 8 6 2 2 1 1 
Zn 43 32 45 34 51 12 46 25 24 20 22 18 
A1 62 61 113 136 257 230 259 143 15 9 3 3 
Na 14 16 181 256 29 15 242 374 6 6 2 2 
Table 19. Average nutrient contents in the ear leaves at silking and 56 days 
after silking, and of grain at harvest in 1984 and 1985 for the check 
and the P^K treatments of the P-K experiment 
Nutri­
ent 
Ear leaves (silking) Ear leaves (56 DAS) Grain (harvest) 
1984 1985 1984 1985 1984 1985 
Check P3K Check P3K Check P3K Check P3K Check P3K Check P3K 
Nutrient contents (kg/ha) 
N 12.5 16.7 15.3 16.3 1.1 3.9 6.2 8.4 58.4 99.9 98.2 134.3 
P 1.3 1.6 1.2 1.6 0.1 0.5 0.4 0.7 7.0 17.8 15.7 24.1 
K 5.3 10.9 5.5 10.7 0.5 5.9 2.0 7.1 12.5 27.1 23.5 31.9 
S 1.0 1.2 1.1 1.2 0.1 0.4 0.6 0.7 4.4 8.3 6.8 8.1 
Ca 4.0 3.6 5.0 4.1 0.9 4.4 4.4 5.4 0.4 0.7 0.7 0.9 
Mg 3.8 2.1 5.4 3.4 0.6 1.6 3.8 3.6 3.5 7.6 6.7 9.4 
Nutrient contents (g/ha) 
Mn 28 22 25 26 7 . 21 24 22 16 29 57 75 
Fe 76 78 102 125 35 96 166 124 80 159 229 260 
B 4 4 4 4 1 4 5 6 9 17 7 9 
Cu 5 5 5 5 1 3 4 4 7 15 10 9 
Zn 22 18 27 22 4 5 22 16 86 149 152 172 
A1 29 34 68 87 28 93 36 90 55 64 24 31 
Na 6 9 96 171 2 6 114 231 22 42 14 19 
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Table 20. Treatment levels of P, their corresponding soil 
test values (averaged over levels of N and K), 
and their soil test classification in 1984 and 
1985 
1984 1985 
P level Avail. P^ Class.^ Avail. P Class. 
Pq 15 VL 17 VL 
P 39 M 41 M 
^Available phosphorus in kg/ha as in Table 2. 
^Soil test classification as in Table 2. 
Table 21. Treatment levels of K, their corresponding soil 
test values (averaged over levels of N and P), 
and their soil test classification in 1984 and 
1985 
1984 1985 
K level Avail. Class.^ Avail. K Class. 
Kq 103 L 117 L 
K 181 M 216 M 
^Available potassium in kg/ha as in Table 2. 
^Soil test classification as in Table 2. 
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The pH was higher in 1984 than in 1985 (Table 3), 
ranging from 6.03 to 5,50 and from 5.53 to 5.33, respectively, 
but was not influenced by levels of P and/or K availability. 
However, soil pH was apparently reduced due to fertilizer N 
as shown in Table 22. The Nq and N levels corresponded to 0 
and 150 kg/ha of urea-N as explained in the Materials and 
Methods section. 
Table 22. pH values (averaged over levels of P and K) as 
influenced by fertilizer N in 1984 and 1985 
N rate ^ 
N level (kg/ha) 19,84 1985 
Nq 0 6.43 5.28 
N 160 6.09 5.71 
1984 data 
The dry weights of ear leaves, ear leaf sheaths, and the 
primary ear and its components were determined at eight 
sampling stages during the seed-filling period in exactly the 
same manner described in the P-K experiment for the 1984 
season. In addition, however, dry weights of individual 
parts of whole-plant samples were determined from two repli­
cations of the check, the PK, and the NPK treatments at 14-
day intervals from silking to 56 DAS, for a total of five 
whole-plant sampling stages. 
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Whole-plant samples were further separated into top, 
middle, and bottom portions as discussed in the Materials 
and Methods section. The main objective of this division 
was to determine nutrient concentration gradients from the 
top to the bottom of the plants, as influenced by fertility 
treatments. However, as pointed out earlier, this division 
was based on the position of the uppermost ear and, there­
fore, the number of leaves in the top and bottom portions, 
and consequently their dry weights, as well as the dry weights 
of sheaths and stalks, would vary accordingly. Hence, while 
nutrient concentrations in the top, middle, and bottom leaves, 
sheaths, and stalks will be discussed, total dry weights and 
nutrient contents of these parts will be discussed disre­
garding' their position on the plant. 
Dry weights Treatment means for the dry weights of 
ear leaves, ear leaf sheaths, and the primary ear and its 
components, sampled during the seed-filling period of 1984, 
are presented in Appendix Table Bl. Mean squares from the 
analyses of variance for these values are reported in Appen­
dix Table B2. 
The pattern of change in the dry weight of these plant 
components was similar to that observed in the P-K experi­
ment during the 1984 season. However, at corresponding 
sampling stages,the overall average dry weight of any plant 
part was consistently lower in this experiment than in the 
143 
P-K experiment (Appendix Tables A1 and Bl). The discrepancy-
resulted from the fact that only four treatments of this 
experiment had received N fertilizer at the rate of 160 kg/ 
ha, whereas all eight treatments of the P-K experiment had 
received N fertilizer at the same rate. Averaged over the 
entire sampling period, this discrepancy amounted to approxi­
mately 20, 8, 24, 30, 14, 14, and 15% lower dry weights of 
ear leaves, ear leaf sheaths, husks, shanks, silks, cobs, and 
grain, respectively, obtained in this experiment than in the 
P-K experiment during the 1984 season. 
At 55 DAS, the dry weights of ear leaves and ear leaf 
sheaths averaged, respectively, 23% and 71% of their maximum 
dry weights observed at 14 DAS. The maximum average dry 
weight of the husks occurred at 14 DAS and accounted for 24% 
of the total ear dry weight. Similarly, cobs accounted for 
28% of the total ear dry weight at 21 DAS. At 56 DAS, how­
ever, the dry weights of husks and cobs contributed 8% and 
18% of total ear dry weight, respectively. Approximately 
90% of total dry matter accumulation in the grain had been 
attained at 35 DAS, and maximum grain dry weight was obtained 
at 49 DAS, where it averaged 73% of the dry weight of the 
whole ear. These percentages were generally similar to the 
ones calculated from the P-K experiment, except for the de­
cline in the dry weight of ear leaves with stages, which was 
more pronounced in this experiment than in the P-K experiment. 
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Nitrogen fertilizer resulted in a highly significant 
increase in the dry weight of all the plant parts sampled 
(Appendix Tables B1 and B2). Averaged over the seed-filling 
period, N fertilizer resulted in a 30, 19, 49, 55, 39, 31, 
and 37% increase in the dry weights of ear leaves, ear leaf 
sheaths, husks, shanks, silks, cobs, and grain, respectively. 
Higher soil test P and K levels tended to increase the dry 
weights of most of these parts, but their effects were only 
significant on the dry weight of grain. Table 23 shows the 
main effects of N fertilizer and of P and K levels of soil 
fertility on the dry weight of corn plant parts averaged 
over the seed-filling period. Figure 15 (A, B, and C) shows 
the main effects of N fertilizer on the dry weights of ear 
leaves and ear leaf sheaths, cobs and husks, and shanks and 
silks, respectively, during the seed-filling period of 1984. 
Figure 16 shows the main effects of N fertilizer and of 
P and K soil test levels on the dry weight of grain during 
the same period. Averaged over the seed-filling period, 
there was a 15% and a 16% increase in grain dry weight due to 
the main effects of P and K levels, respectively. While the 
response in grain dry weight was consistently higher due to 
fertilizer N than due to the higher soil test P and/or K 
levels at individual stages throughout the seed-filling 
period, the order of response due to soil test levels of P 
and K was variable. No explanation can be offered for the 
Table 23. Main effects of N fertilizer and of P and K levels of soil fertility 
on the dry weights (kg/ha) of corn plant parts averaged over the seed-
filling period of 1984 
Plant part 
Fertility Ear Ear leaf Whole 
level leaves sheaths Shanks Silks Husks Cobs Grain ear 
^0 317 198 54 36 326 766 2244 3426 
N 454 245 120 59 639 1105 3554 5477 
PQ 371 216 79 47 447 898 2663 4134 
p 400 227 94 47 518 972 3135 4766 
Ko 379 217 86 45 483 888 2654 4156 
K 392 226 87 50 481 982 3144 4744 
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Figure 15. Main effects of N fertilizer on the dry weight of ear leaves and ear 
leaf sheaths (A), cobs and husks (B), and shanks and silks (C) 
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Figure 16. Main effects of N fertilizer and P and K soil 
test levels on the dry weight of grain 
(N-P-K experiment, 1984) 
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variability in response to P and K levels except sampling 
errors. A much better assessment of the magnitude of response 
due to the main effects of soil test P and K levels would 
probably be obtained at harvest, since the area harvested 
for final grain yield was much larger, and would provide a 
better estimate of the true response than the area used for 
periodical sampling during seed filling. 
Figure 17 (A and B) shows the cumulative dry weight of 
the primary ears at 0 and 160 kg/ha of fertilizer N. The 
plants grown with and without N fertilizer showed essentially 
the same trend of dry matter accumulation in the.primary 
ears. Nitrogen fertilizer, however, resulted in a 37% in­
crease in average ear dry weight over the seed-filling period. 
The response due to higher P and K soil test levels was 13 
and 12%, respectively. 
Appendix Table B3 shows the dry weights of individual 
parts of whole-plant samples taken from two replications of 
the check, the PK, and the NPK treatments. Data for whole 
ears and whole plants were generated by adding the dry weights 
of individual ear parts and of individual plant parts, re­
spectively. Mean squares from the analyses of variance for 
these values are reported in Appendix Table B4. 
The dry weights of all the plant parts increased pro­
gressively with increased fertility from the check to the PK 
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Figure 17. Cumulative ear dry weight at the (A) and N (B) levels of fertility 
(N-P-K experiment, 1984) 
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the overall effect of fertility was highly significant on the 
dry weight of leaves, sheaths, and stalks, and significant 
on the dry weight of silks, cobs, and grain, increases in 
the dry weight of tassels, lower ears, shanks, and husks 
were not significant (Appendix Table B4). Compared to the 
check, the PK and NPK treatments resulted in highly signifi­
cant increases in the dry weight of leaves, sheaths, stalks, 
and grain, and in significant increases in the dry weight 
of shanks, silks, and cobs. The analyses of variance further 
revealed that the NPK treatment had significantly increased 
the dry weight of leaves, sheaths, stalks, silks, and grain 
over the PK treatment. The effects of increased fertility 
on the dry weight of individual plant parts were also re­
flected in significant increases in the dry weight of whole 
ears and of whole plants (Appendix Tables B3 and B4). 
Figure 18 (A, B, and C) shows the dry weight of whole 
plants, whole ears, and of the various parts of corn plants 
grown at 0, PK, and NPK fertility levels at different 
sampling stages during the seed-filling period. It is 
readily apparent from the figure that increased fertility 
has resulted in an increase in the dry weight of the differ­
ent plant parts, and consequently, in the dry weights of 
whole ears and whole plants. 
Figure 18 also shows that the dry weight of vegetative 
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Figure 18. Dry weight of whole plants, whole ears, and of the various parts of 
corn plants grown at the check (A), PK (B), and NPK (C) fertility 
levels during the seed-filling period (N-P-K experiment, 1984) 
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nongrain ear parts (i.e., husks, silks, shanks, cobs, and 
lower ears) declined after reaching a maximum, possibly due 
to the translocation of material from these parts into the 
developing grain. However, losses in the dry weight of 
whole plants (beyond 14 DAS or 28 DAS) indicate that accumu­
lation of dry matter in the grain did not completely account 
for the decline in the dry weight of vegetative plant parts 
and nongrain ear parts. Some possible reasons for the loss 
of dry matter from the nongrain portion of the plants, other 
than for translocation into the developing grain, may be 
shattering of leaves and insect damage. The heavy insect 
infestation of the field during the 1984 season and the re­
sultant ear infestation and stalk breakage have already been 
discussed in the Materials and Methods section. 
Figure 19 (A, B, and C) shows the relative dry weights 
of different parts of corn plants grown at 0, PK, and NPK 
fertility levels at successive sampling stages during the 
seed-filling period. Fertility differences did not markedly 
influence the relative proportion of each plant part, al­
though relative grain dry weight did increase slightly with 
increased fertility. For example, at 56 DAS, relative grain 
dry weight was 37%, 40%, and 42% of total plant weight for 
the 0, PK, and NPK fertility treatments, respectively. 
Final grain yields Table 24 shows the treatment 
means for the final grain yield (at 15.5% moisture), the 
n Oraiii 
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Relative dry weight of different parts of corn plants grown at the 
check (A), PK (B), and NPK (C) fertility levels during the seed-
filling period (N-P-K experiment, 1984) 
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Table 24. Treatment means for the final grain yield, kernel 
size., and number of kernels per hectare in 1984 
Grain Kernel Kernels/ 
yield size ha 
Treatment kg/ha g/100 (X 106) 
Check 3348 15.19 22.01 
N 6114 15.95 38.23 
P 4637 17.64 26.04 
NP 6145 17.04 36.17 
K 4220 16.00 26.36 
NK 6637 17.01 39.04 
PK 5536 18.24 30.28 
NPK 7283 17.63 41.24 
Mean 5490 16.84 32.42 
LSD 1088 1.66 4.56 
Table 25. Mean squares from the analyses of variance for 
the final grain yield, kernel size, and number of 
kernels per hectare in 1984 
Source of Grain Kernel Kernels/ 
ha° variation df yield^ size 
Rep 3 0.40 0.69 1.24 
N 1 35.60** 0.16 124.93** 
P 1 5.39** 20.40** 3.27 
K 1 5.89** 4.70 10.47** 
N*P 1 1.86 4.42 3.04 
N*K 1 0.01 0.03 0.37 
P*K 1 0.21 0.23 0.86 
N*P*K 1 0.17 0.03 0.96 
Error 21 0.55 1.27 0.96 
10^ for actual mean squares. 
10^^ for actual mean squares. 
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kernel size, and the number of kernels per hectare. Mean 
squares from the analyses of variance for these values are 
reported in Table 25. 
Fertilizer N and higher soil test levels of P and K 
availability resulted in highly significant increases in 
grain yield. The response in grain yield due to the main 
effects of N, P, and K was 2110, 820, and 858 kg/ha, re­
spectively. These values represent a yield increase of 32, 
14, and 14%, respectively. The analyses of variance (Table 
25) also show that the yield increase due to the main ef­
fects of N and K was primarily a result of an increase in the 
number of kernels produced, whereas that due to the main 
effect of P was primarily a result of increased kernel size. 
Kernel number was increased by 32 and 11% due to the main 
effects of N and K, and kernel size was increased by 9% due 
to the main effect of P. 
Nutrient concentrations Chemical analyses were per­
formed on the same plant components in this experiment as in 
the P-K experiment during the 1984 season; namely, on ear 
leaf samples taken at 14-day intervals from silking to 56 
DAS, on grain samples taken at 7-day intervals from 14 DAS 
to 35 DAS and at harvest, and on outer, middle, and inner 
husk samples taken at 56 DAS. In addition, chemical analyses 
were performed on whole-plant parts sampled from the check 
at 14-day intervals from silking to 56 DAS, on leaves sampled 
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from the PK and NPK treatments at 14-day intervals, and on 
sheaths, stalks, and husks sampled from the same treatments 
at 28-day intervals from silking to 56 DAS. As already 
mentioned, whole-plant samples were taken from two replica­
tions of the respective treatments, and the leaves, sheaths, 
and stalks were separated into top, middle, and bottom 
portions. 
Ear leaves Treatment means for the concentra­
tion of the macro- and the micronutrients in the ear leaves 
during the seed-filling period of 1984 are reported in Appen­
dix Tables B5 and B7. Mean squares from the analyses of 
variance for these values are reported in Appendix Tables 
B6 and B8. 
The average ear leaf concentration of N, P, K, and S 
followed a similar trend during the seed-filling period of 
1984 to the one described for the P-K experiment. Basically, 
the concentration of N, P, and S in the ear leaves decreased 
progressively from silking to 56 DAS, whereas the concentra­
tion of K remained constant between silking and 14 DAS, and 
declined for the rest of the season (Appendix Table B5). The 
ear leaf concentration of Ca and Mg increased from silking 
to a maximum at 28 DAS. Subsequently, the concentration of 
both nutrients declined between 28 and 42 DAS, and remained 
constant until 56 DAS. This did not agree with the trend 
described for the P-K experiment, where the Ca concentration 
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in the ear leaves remained constant after increasing from 
silking to 28 DAS, and where the Mg concentration remained 
virtually unchanged throughout the entire seed-filling 
period. 
Between silking and 28 DAS, the average concentration 
in the ear leaves of Cu and Zn decreased, of B increased, and 
of Mn remained constant. Subsequently, the concentration of 
these micronutrients decreased between 28 and 42 DAS, and 
remained constant thereafter until 56 DAS (Appendix Table B7). 
The ear leaf concentration of Fe and A1 increased between 
silking and 14 DAS, decreased between 14 and 28 DAS, and re­
mained essentially constant for the remainder of the season. 
Sodium concentration followed the same trend as for Fe and 
Al, except for a late-season increase between 42 and 56 DAS. 
The analyses of variance show significant effects of 
fertilizer N on the ear leaf concentrations of all nutrients 
except K, B, and Na (Appendix Tables B6 and B8). Averaged 
over the seed-filling period, ear leaf concentrations of N, 
P, S, Ca, Mg, Mn, Fe, Cu, Zn, and Al were increased by 47, 
32, 20, 23, 39, 36, 38, 60, 39, and 36%, respectively, due to 
the main effects of N fertilizer. Figure 20 (A and B) 
illustrates the effect of N fertilizer on the ear leaf con­
centration of N, Ca, and Mg, and P and S, respectively. 
Significant increases in the concentration of N, P, Ca, 
and Mg, and a significant decrease in the Zn concentration in 
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Figure 20. Main effects of N fertilizer on the concentration of N, Ca, and Mg 
(A) and P and S (B) in the ear leaves (N-P-K experiment, 1984) 
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the ear leaves resulted from increased P availability in the 
soil (Appendix Tables B6 and B8). The higher soil test P 
level increased the ear leaf concentration of N, P, Ca, and 
Mg by an average of 6, 28, 17, and 24%, respectively, over 
the seed-filling period. The concentration of Zn in the ear 
leaves was reduced by 15% due to the higher level of soil 
available P. Figure 21 (A and B) shows the effect of P 
levels of soil fertility on the ear leaf concentration of N, 
P, Ca, and Mg, and Zn, respectively. 
Potassium soil test levels significantly influenced the 
concentration of N, P, K, S, Ca, Mg, Mn, Fe, and Zn (Appendix 
Tables B6 and BB). The higher level of available K increased 
the K concentration but decreased the concentrations of the 
other nutrients in the ear leaves. While the K concentration 
was increased by an average of 53% over the sampling period, 
the concentrations of N, P, S, Ca, Mg, Mn, Fe, and Zn were 
reduced by 9, 18, 7, 23, 56, 23, 14, and 28%, respectively, 
due to increased K availability in the soil. Figure 22 (A, 
B, and C) shows the effect of K levels of soil availability 
on the ear leaf concentration of N and K, P and S, and Ca 
and Mg, respectively. 
The analyses of variance (Appendix Tables B6 and B8) 
also show significant interactions of N*K on the concentra­
tion of N, Mg, Zn, and Na, of P*K on the concentration of Ca, 
Mg, and Fe, and of N*P*K on the concentration of Fe, Cu, and 
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Figure 22. Main effects of K levels of soil availability on the concentration of 
N and K (A), P and S (B), and Ca and Mg (C) in the ear leaves 
(N-P-K experiment, 19 84) 
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Al in the ear leaves. These were negative interactions where, 
in every case, the concentration of nutrients in the ear 
leaves due to the combined effects of fertility levels was 
less than their concentration due to the additive effects of 
the same individual fertility levels. Enhanced growth of 
leaves due to the combined effects of fertility and a con­
comitant dilution in their nutrient concentration may well 
be the reason for these negative interactions. 
Grain Treatment means for the concentrations 
of the macro- and micronutrients in the grain are reported 
in Appendix Tables B9 and Bll. Mean squares from the re­
spective analyses of variance are reported in Appendix Tables 
BIO and B12. 
Average grain concentration of N, P, K, and S decreased 
at successive sampling stages from 14 to 35 DAS. Subsequent­
ly, the concentration of P and K continued to decrease, 
whereas that of N and S remained constant until harvest. 
Calcium and Mg concentrations decreased significantly between 
14 and 21 DAS, but remained unchanged thereafter until har­
vest (Appendix Table B9). 
The grain concentration of Mn and Zn decreased through­
out the sampling period. Boron and Cu decreased in concen­
tration until 35 DAS, and remained constant between 35 DAS 
and harvest, whereas Fe and Na decreased between 14 and 21 
DAS, and remained constant between 21 DAS and harvest. 
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Aluminum concentration in the grain remained unchanged 
throughout the grain-filling period (Appendix Table Bll). 
There was a significant effect of fertilizer N on the 
concentration of N, P, S, Ca, Fe, and Cu in the grain (Ap­
pendix Tables BIO and B12). When the main effects were 
calculated, it was found that fertilizer N had increased the 
grain concentration of N, P, S, Fe, and Cu by an average of 
23, 7, 16, 21, and 20%,. respectively, but decreased the grain 
concentration of Ca by an average of 18% over the sampling 
period. Figure 23 (A and B) shows the main effects of N 
fertilizer on the concentration of N, and P and S, respec­
tively, in the grain. 
The analyses of variance also revealed significant ef­
fects of soil P availability on the grain concentration of 
P, S, Ca, Cu, and Na (Appendix Tables BIO and B12). The 
higher soil test P level resulted in significant increases 
in the grain concentration of P and Na, and in significant 
decreases of S, Ca, and Cu (Appendix Tables B9 and Bll). 
Phosphorus and Na concentrations were increased by 9 and 18%, 
whereas S, Ca, and Cu concentrations were decreased by 5, 
16, and 16%, respectively. Figure 24 shows the main effects 
of P levels on the P concentration in the grain. 
The higher level of soil K availability resulted in sig­
nificant reductions in the grain concentration of N, P, S, 
and Mg (Appendix Tables B9 and BIO). The concentrations of 
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Figure 23. Main effects of N fertilizer on the concentration of N (A) and 
P and S (B) in the grain (N-P-K experiment, 1984) 
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Figure 24. Main effects of P levels of soil availability 
on the concentration of P in the grain 
(N-P-K experiment, 1984) 
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N, P, S, and Mg were reduced by 7, 9, 10, and 11%, respec­
tively, due to the higher level of soil test K. 
Significant interactions of N*P on P and A1 concentra­
tions, of N*K and P*K on the P, K, and Mg concentrations, 
and of N*P*K on the Fe concentration in the grain were 
apparent in the analyses of variance (Appendix Tables BIO 
and B12). Since all three two-factor interactions were sig­
nificant on the P concentration in the grain, these effects 
were examined. The N*P was found to be a negative interac­
tion because N and P had separately increased P concentration 
in the grain, but their combined effect was less than their 
single additive value. In contrast, the N*K and P*K were 
positive interactions because K resulted in a decrease in the 
P concentration compared to the check and the combined NK 
and/or PK effects resulted in higher P concentrations in the 
grain than did their single additive effects. 
Husks Treatment means for the concentration of 
nutrients in the outer, middle, and inner portions of husk 
samples taken at 56 DAS are presented in Appendix Tables B13 
and B15. Mean squares from the analyses of variance for 
these values are presented in Appendix Tables B14 and B16. 
Differences in nutrient concentrations due to position 
of the husk were significant for all nutrients except S and 
Na, which had similar concentrations in outer, middle, and 
inner portions of the husk (Appendix Tables B14 and B16). 
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The concentration of most nutrients was highest in the outer 
husks, except for K, which was highest in the middle husks 
(Appendix Tables B13 and B15). Middle and inner husks tended 
to have similar concentrations of certain nutrients (e.g., 
P, Ca, Mn), otherwise, middle husks had the lowest concen­
tration of N, Mg, B, and Zn, whereas inner husks had the 
lowest concentration of Fe, Cu, and Al. 
Significant effects of N on the concentration of N, K, 
S, Ca, Mg, Zn, and Na were apparent in the analyses of vari­
ance (Appendix Tables B14 and B16). Fertilizer N increased 
the concentration of N, S, Ca, and Mg, but decreased the con­
centration of K, Zn, and Na (Appendix Tables B13 and B15). 
Increased levels of P availability resulted in significant 
reductions in the husk concentration of Mg, Cu, Zn, Al, and 
Na. Significant increases in the concentration of K, S, and 
Cu, and decreases in the concentration of P, Ca, Mg, and B, 
resulted from increased K availability in the soil. 
The analyses of variance also revealed a significant N* 
position interaction on the concentration of N, P, K, Ca, Mg, 
B, Cu, and Zn, P*position interaction on the concentration of 
N, P, Ca, Mg, and Cu, and Reposition interaction on the con­
centration of Mg. The significant N*position (and P*position) 
effect on the concentration of N and P, for example, resulted 
from the fact that outer husks had the highest N and P con­
centrations where N fertilizer had been applied (and at the 
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higher level of soil test P), whereas inner husks had the 
highest N and P concentrations where N fertilizer had not 
been applied (and at the lower level of soil test P). Simi­
larly, the K*position effect on the concentration of Mg re­
sulted from the fact that differences in Mg concentration 
between outer, middle, or inner husks existed at the lower 
level, but not at the higher level of K availability in the 
soil. Despite these observations, however, no clear-cut 
trends were apparent for the rest of the nutrients. 
The concentration of nutrients in husk samples taken 
from the check, PK, and NPK treatments were measured at 
silking, 28 DAS, and 56 DAS, and are shown in Appendix Tables 
B17 and B19 for the macro- and micronutrients, respectively. 
Mean squares from the respective analyses of variance are 
shown in Appendix Tables B18 and B20. 
Except for Ca, Mn, and Al, the concentration of nutri­
ents generally declined in the husks from silking to 56 DAS. 
The concentrations of Ca and Mn tended to increase progres­
sively during that period, whereas the concentration of Al 
increased to a maximum at 28 DAS, and dropped back to a value 
at 56 DAS similar to that at silking. Yet, despite the dif­
ferent trends observed for the different nutrients, only the 
decline in the concentrations of N, P, K, S, Cu, and Zn was 
found significant (Appendix Tables B18 and B20). 
Significant differences due to fertility were apparent 
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in the concentrations of N, S, Mg, Fe, Cu, and Zn (Appendix 
Tables B18 and B20). The NPK treatment resulted in signifi­
cantly higher concentrations of N, Fe, and Cu than did the PK 
treatment, which in turn reduced the concentration of these 
nutrients compared to the check (Appendix Tables B17 and B19). 
Husk samples from the check had a significantly lower con­
centration of S and a significantly higher concentration of 
Mg than those from the PK and NPK treatments, which had 
similar concentrations of these nutrients. On the other hand, 
increased fertility from the check to the PK and NPK treat­
ments resulted in significant reductions in the husk con­
centration of Zn. 
Whole-plant leaves The concentrations of macro-
and micronutrients in leaves taken from the top, middle, and 
bottom portions of whole plants sampled from the check, PK, 
and NPK treatments at five stages during the seed-filling 
period are presented in Appendix Tables B21 and B23. The 
respective analyses of variance are presented in Appendix 
Tables B22 and B24. 
Definite nutrient concentration gradients existed in the 
leaves sampled at different positions from the top to the 
bottom of the plants. Averaged over the seed-filling period, 
the concentrations of N, P, K, and S in the leaves consis­
tently increased from the bottom to the top of the plants, 
and the concentrations of Ca and Mg consistently decreased 
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from the bottom to the top of the plants (Appendix Tables 
B2l and B22), Boron and Zn tended to increase from the 
bottom to the top of the plant, although their concentrations 
in the bottom and middle leaves were not significantly dif­
ferent. Copper followed the same trend as for B and Zn, 
but differences in the Cu concentration of the leaves due to 
position on the plant were not significantly different 
(Appendix Tables B23. and B24), Conversely, Mn, Fe, Al, and 
Na tended to decrease from the bottom to the top of the plant, 
although their concentrations in the top and middle leaves 
were not significantly different. 
There were significant effects of fertility treatments 
on the concentrations of N, K, S, Ca, Mg, Mn, Fe, and Cu 
(Appendix Tables B22 and B24). Increased fertility from the 
check to the PK and NPK treatments resulted in progressively 
significant increases in the leaf concentration of N. The 
concentrations of P and K also increased progressively with 
increased fertility. However, while such increases in the 
concentration of P were not significant, the PK and NPK re­
sulted in leaf K concentrations that were significantly higher 
than the check. Differences in K concentration between the 
PK and NPK treatments were not significant, although leaves 
from the NPK treatment tended to have a higher concentration 
of K than those from the PK treatment. The NPK treatment also 
resulted in significantly higher concentrations of S, Ca, Mg, 
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Mn, Fe, and Cu than the PK treatment which, except for Fe, 
tended to decrease the concentrations of these nutrients in 
the leaves compared to the check. As a result, average leaf 
nutrient concentrations for the PK and NPK treatments were 
not significantly different than for the check, although the 
NPK treatment resulted in considerably higher nutrient con­
centrations than did the check. Magnesium was an exception, 
with the highest concentration of this element occurring in 
leaves from the check, followed by the NPK and PK treatments, 
respectively. 
It is important to emphasize that the above discussion 
refers to average effects of position on the plant and of 
fertility treatments on the concentration of nutrients in 
the leaves over the entire seed-filling period. Fertility* 
position, fertility*stage, position*stage, and fertility* 
position*stage interactions were significant on the concentra­
tion of several, and in some cases, most if not all, nutri­
ents in the leaves (Appendix Tables B22 and B24). These in­
teractions indicate changing patterns in nutrient concentra­
tions depending on the combination of factors involved in the 
interactions. The effects of position on the plant on the 
concentration of the six major elements in the leaves as in­
fluenced by the check, PK, and NPK treatments are shown in 
Figures 25, 26, 27, 28, 29, and 30, respectively. 
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leaves as influenced by the check (A), PK (B), and NPK (C) 
treatments (N-P-K experiment, 1984) 
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Figure 26. Effect of position on the plant on the concentration of P in the leaves 
as influenced by the check (A), PK (B), and NPK (C) treatments (N-P-K 
experiment, 1984) 
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Figure 27. Effect of position on the plant on the concentration of K in the leaves 
as influenced by the check (A), PK (B), and NPK (C) treatments 
(N-P-K experiment, 1984) 
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Figure 28. Effect of position on the plant on the concentration of S in the leaves 
as influenced by the check (A), PK (B), and NPK (C) treatments 
(N-P-K experiment, 1984) 
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Figure 29. Effect of position on the plant on the concentration of Ca in the leaves 
as influenced by the check (A), PK (B), and NPK (C) treatments 
(N-P-K experiment, 1984) 
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Figure 30. Effect of position on the plant on the concentration of Mg in the leaves 
as influenced by the check (A), PK (B), and NPK (C) treatments 
(N-P-K experiment, 1984) 
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Whole-plant sheaths The concentrations of major 
and minor elements in leaf sheaths taken from the top, mid­
dle, and bottom portions of whole plants sampled from the 
check, PK, and NPK treatments at three stages during the 
seed-filling period are presented in Appendix Tables B25 and 
B27. Mean squares from the respective analyses of variance 
are presented in Appendix Tables B26 and B28. 
Except for K, Mg, Mn, and Na, average nutrient concen­
trations were generally lower in the leaf sheaths than in the 
leaves (Appendix Tables B21, B23, B25, and B27). The concen­
tration of Mg, Mn, and Na was consistently higher in the 
sheaths than in the leaves and, while average K concentra­
tion over the seed-filling period was similar in both plant 
parts, K concentration in the sheaths tended to be higher at 
silking, but lower at 28 and 56 DAS than in the leaves. 
Nutrient concentration gradients similar to those found 
in the leaves existed in the leaf sheaths sampled from top, 
middle, and bottom portions of corn plants. Differences in 
the concentration of nutrients in the leaf sheaths due to 
position on the plant were significant for all nutrients 
except S and Cu (Appendix Tables B26 and B28). The concen­
tration of N, P, K, and Zn tended to increase from the bottom 
to the top of the plant, whereas the concentration of Ca, Mg, 
Mn, Fe, Al, and Na tended to decrease from the bottom to the 
top of the plant. Boron concentration also tended to 
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decrease in the leaf sheaths from the bottom to the top of 
the plants; a trend opposite to the one observed for the 
leaves. 
Effects due to fertility treatments were significant on 
the concentration of N, K, S, Ca, Mg, and Fe in the leaf 
sheaths (Appendix Tables B26 and B28). Increased fertility 
from the check to the PK and NPK treatments resulted in pro­
gressive increases in the leaf sheath concentration of P, K, 
and Fe (Appendix Tables B25 and B27). However, while in­
creases in K and Fe concentrations were significant, those 
in P were not (Appendix Tables B26 and B28). The NPK treat­
ment resulted in considerably higher concentrations of K and 
Fe than did the PK treatment, although the difference was not 
significant for K concentration. The NPK treatment also re­
sulted in significantly higher concentrations of N, S, Ca, 
and Mg in the leaf sheaths than did the PK treatment, which 
tended to reduce the concentration of these nutrients when 
compared t o the check (Appendix Tables B 2 5  and B 2 6 ) .  
Whole-plant stalks The concentrations of major 
and minor elements in stalks taken from the top, middle, and 
bottom portions of whole plants sampled from the check, PK, 
and NPK treatments at three stages during the seed-filling 
period are presented in Appendix Tables B29 and B31. Mean 
squares from the analyses of variance for these values are 
respectively presented in Appendix Tables B30 and B32. 
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Average nutrient concentrations were generally lower in 
the stalks than in the leaf sheaths, except for P, Cu, and 
Zn which were of similar concentrations in both plant parts 
(Appendix Tables B25, B27, B29, and B31). Differences in 
the concentration of nutrients in the stalks due to position 
on the plant were significant for all nutrients except A1 and 
Na (Appendix Tables B30 and B32). For most nutrients, 
concentrations in different portions of the stalks 
followed closely the distribution pattern described for the 
leaves. However, K, S, and Mn followed an opposite trend, 
where K and S decreased in concentration from the bottom to 
the top of the plant; whereas Mn increased in concentration 
from the bottom to the top of the plant (Appendix Tables B29 
and B31). Potassium concentration in bottom stalks was con­
siderably higher than in top and middle stalks. 
There were significant effects of fertility treatments 
on the stalk concentration of N, K, Ca, Mg, Fe, Cu, Zn, Al, 
and Na (Appendix Tables B30 and B32). The NPK treatment re­
sulted in significantly higher concentrations of N, Ca, Mg, 
Fe, and Cu, and in significantly lower concentrations of K 
and Al, than the PK treatment (Appendix Tables B29 and B31). 
A considerable increase in P concentration also resulted from 
the PK treatment over the NPK treatment and the check, respec­
tively, but the differences were not statistically signifi­
cant. The analyses of variance also showed that, compared 
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to the check, the PK and NPK treatments averaged significant­
ly higher concentrations of K, Ca, Cu, and Al, and signifi­
cantly lower concentrations of Zn and Na in the stalks. Due 
to a reduction in N concentration in the stalks caused by the 
PK treatment, average N concentration for the PK and NPK 
treatments was not significantly different than that for the 
check, despite a marked increase in N concentration obtained 
with the NPK treatment. 
Other plant parts The concentrations of macro-
and micronutrients in cobs, shanks, silks, tassels, and lower 
ears sampled from the check during the seed-filling period 
are shown in Appendix Tables B33 and B34. 
Nutrient contents In this section, the nutrient con­
tent of ear leaves and grain at different sampling stages 
during the seed-filling period as influenced by N fertilizer 
and P and K soil test levels will be discussed. In addition, 
nutrient contents in whole-plant leaves, sheaths, and stalks, 
and in the husks, sampled from the check, PK, and NPK treat­
ments will be compared. Finally, a collective look at the 
nutrient content of whole plants, whole ears, and of various 
parts of corn plants sampled from the check plots will be 
provided. 
Ear leaves Treatment means for the contents of 
the macro- and micronutrients in the ear leaves during the 
seed-filling period of 1984 are reported in Appendix Tables 
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B35 and B37. Mean squares from the respective analyses of 
variance are reported in Appendix Tables B36 and B38. 
The ear leaf content of macronutrients showed remark­
ably similar trends to those observed in the P-K experiment 
(Appendix Tables A15 and B35). However, the trends for the 
content of micronutrients in the ear leaves varied slightly 
from what was observed in the P-K experiment (Appendix Tables 
A17 and B37). Between silking and 14 DAS, the ear leaf con­
tent of Mn and Zn remained unchanged, of Cu decreased, 
whereas that of Fe, B, Al, and Na increased. Subsequently, 
the content of all micronutrients in the ear leaves decreased 
towards the end of the season, except for Fe and Al where the 
decline was not significant between 42 and 56 DAS (Appendix 
Tables B37 and B38). 
The analyses of variance show highly significant effects 
of fertilizer N on the ear leaf content of all nutrients 
(Appendix Tables B36 and B38). Averaged over the seed-filling 
period, the ear leaf content of N, P, K, S, Ca, Mg, Mn, Fe, 
B, Cu, Zn, Al, and Na was increased by 62, 54, 28, 49, 48, 
59, 60, 61, 33, 73, 60, 63, and 46%, respectively, due to 
the main effects of N fertilizer. Significant increases in 
the ear leaf content of most nutrients resulted from in­
creases in the dry weight of ear leaves as well as in their 
nutrient concentrations in response to N fertilizer. How­
ever, since the concentration of K, B, and Na in the ear 
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leaves was not significantly influenced by fertilizer N 
(Appendix Tables B6 and B8), it follows that increased dry 
weight of ear leaves due to fertilizer N was mainly re­
sponsible for the significant increase in the ear leaf con­
tent of these nutrients. Figure 31 (A, B, and C) shows the 
main effects of N fertilizer on the ear leaf content of N and 
Ca, K and Mg, and P and S, respectively. 
Significant increases in the ear leaf content of P, Ca, 
Mg, and Mn resulted from increased P availability in the 
soil (Appendix Tables B35, B36, B37, and B38). The higher 
soil test P level increased the ear leaf content of P, Ca, 
Mg, and Mn by an average of 29, 22, 30, and 15%, respectively, 
over the seed-filling period. The higher soil test P level 
had resulted in a higher concentration of N, P, Ca, and Mg, 
and in a lower concentration of Zn in the ear leaves, but 
did not influence the concentration of Mn. Therefore, the 
increase in the dry weight of ear leaves due to the higher 
level of soil P, although not significant, was enough to sig­
nificantly increase the amount of Mn, and to overcome the 
significant reduction in the concentration of Zn in the ear 
leaves. The increase in the dry weight of ear leaves due to 
increased P availability in the soil was too small to influ­
ence a significant increase in the N content in the ear 
leaves. Figure 32 (A and B) shows the main effects of P 
levels of soil availability on the ear leaf content of P, and 
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Figure 31. Main effects of N fertilizer on the content of N and Ca (A), K and 
Mg (B), and P and S (C) in the ear leaves (N-P-K experiment, 1984) 
1. 0 f  
1 . 5  






1  '  *  •  r - i - i 1  I  i - i - r - i — t - r - T - j - t - i — r - f - r - r  i — r - i - "  
1 4  2 0  
DAYS AFTCR SILKING 
4 2  56 14 28 42 
DAYS AFTER SILKING 
Figure 32. Main effects of P levels of soil availability on the content of 
P (A) and Ca and Mg (B) in the ear leaves (N-P-K experiment, 1984) 
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Ca and Mg, respectively. 
Potassium soil test levels significantly influenced the 
ear leaf content of K, Ca, Mg, Mn, and Zn (Appendix Tables 
B36 and B38). The higher level of soil available K in­
creased the amount of K, but decreased that of Ca, Mg, Mn, 
and Zn in the ear leaves (Appendix Tables B35 and B37). 
Averaged over the seed-filling period, the ear leaf content 
of K was increased by 56%, whereas that of Ca, Mg, Mn, and 
Zn was decreased by 21, 55, 17, and 17%, respectively. Ap­
parently, the small reductions in the concentration of N, 
P, S, and Fe due to the higher level of K (Appendix Tables 
B5 and B8) were offset by the small increase in the dryweight 
of ear leaves, whereas the relatively large reductions in the 
concentration of Ca, Mg, Mn, and Zn were not. Figure 33 
(A and B) shows the main effects of soil available K levels 
on the ear leaf content of K, and Ca and Mg, respectively. 
There were significant interaction effects of N*P on the 
content of Na, of N*K on the content of Mg, Zn, and Na, and 
of P*K on the content of Ca, Mg, Mn, and Fe in the ear leaves 
(Appendix Tables B36 and B38). These were negative interac­
tions similar in nature to those observed on the concentra­
tion of the same nutrients in the ear leaves; i.e., the con­
tent of these nutrients in the ear leaves due to the combined 
effects of any two fertility levels was less than their con­
tent due to the additive effects of the same individual 
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Figure 33. Main effects of K levels of soil availability on the content of 
K (A) and Ca and Mg (B) in the ear leaves (N-P-K experiment, 1984) 
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fertility levels. 
Grain Treatment means for the content of macro-
and micronutrients in the grain during, development are pre­
sented in Appendix Tables B39 and B41. Mean squares from 
the respective analyses of variance are presented in Appendix 
Tables B40 and B42. 
The grain content of all nutrients increased progres­
sively at successive sampling stages between 14 and 35 DAS 
(Appendix Tables B39 and B41), but different trends were ob­
served beyond 35 DAS. The grain content of N, S, Ca, and B 
increased significantly, that of P, Mg, Mn, Fe, Cu, Zn, and 
A1 increased slightly but not significantly, and that of K 
and Na decreased significantly between 35 DAS and harvest. 
While slight differences were observed in the pattern of 
accumulation of micronutrients in the grain, the macronutri-
ents followed closely similar trends to those observed in the 
P-K experiment. 
The rate of nutrient accumulation in the grain was 
fastest between 14 and 21 DAS for N, K, S, Mn, and Cu, be­
tween 21 and 28 DAS for P, Mg, Fe, B, Zn, and Al, and between 
28 and 35 DAS for Ca and Na (Appendix Tables B39 and B41). 
This was not in agreement with the results obtained from the 
P-K experiment, where the fastest rate of accumulation in the 
grain for most nutrients occurred between 14 and 21 DAS 
(Appendix Tables A19 and A21). 
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Nitrogen fertilizer significantly increased the grain 
content of all nutrients (Appendix Tables B39, B40, B41, and 
B42). The amount of N, P, K, S, Ca, Mg, Mn, Fe, B, Cu, Zn, 
Al, and Na in the grain was increased by an average of 56, 
44, 42, 51, 34, 43, 42, 54, 37, 52, 38, 30, and 27%, re­
spectively, over the seed-filling period. Since N fertilizer 
only increased the concentration of N, P, S, Fe, and Cu, it 
follows that such a large increase in the grain content of 
all nutrients was mainly a result of increased grain dry 
weight. Figure 34 (A, B, and C) shows the main effects of N 
fertilizer on the grain content of N and K, P and S, and Ca 
and Mg, respectively. 
The higher levels of soil available P and K also tended 
to increase the nutrient content of the grain. However, 
while such increases were not significant due to the main 
effects of K soil test levels, the main effects of P soil 
test levels were significant on the grain content of P, K, 
Ca, Mg, Mn, and Na (Appendix Tables B40 and B42). Averaged 
over the seed-filling period, the higher level of soil avail­
able P resulted in a 27, 18, 15, 19, 19, and 27% increase in 
the grain content of P, K, Ca, Mg, Mn, and Na, respectively. 
The concentration of Ca in the grain was reduced due to the 
higher level of soil available P, and the concentrations of 
K, Mg, and Mn were not influenced. Therefore, the increase 
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Figure 34. Main effects of N fertilizer on the content of N and K (A), P and S (B), 
and Ca and Mg (C) in the grain (N-P-K experiment, 1984) 
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grain dry weight due to the higher level of soil P avail­
ability. On the, other hand, the increase in the amount of 
P and Na resulted from increases in their concentration in 
the grain as well as in grain dry weight. Figure 35 (A and 
B) shows the main effects of P levels of soil availability 
on the grain content of P and K, and Ca and Mg, respectively. 
Husks The content of nutrients in husk samples 
taken from the check, PK, and NPK treatments at silking, 28 
DAS, and 56 DAS are shown in Appendix Tables B43 and B45 
for the macro- and micronutrients, respectively. Mean 
squares from the respective analyses of variance are shown in 
Appendix Tables B44 and B45. 
The average content in the husks of N, P, and Cu tended 
to decrease, and of Ca and Mn to increase between silking and 
56 DAS (Appendix Tables B43 and B45). On the other hand, the 
content of K, Mg, Fe, B, Zn, Al, and Na tended to increase 
between silking and 28 DAS, and to decrease thereafter until 
56 DAS. Sulfur content remained unchanged in the husk during 
the same period. According to the analyses of variance, how­
ever, only the decline in P content was significant (Appen­
dix Tables B44 and B46). 
The PK and NPK treatments resulted in considerably higher 
average nutrient contents in the husk than did the check. 
However, only the differences in N, P, K, S, and Fe were found 
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Figure 35. Main effects of P levels of soil availability on the content of 
F and K (A) and Ca and Mg (B) in the grain (N-P-K experiment, 1984) 
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differences in husk nutrient content between the PK and NPK 
treatments were only significant for N and Fe, although the 
NPK treatment tended to increase the content of all nutri­
ents in the husk over the PK treatment. 
Whole-plant leaves The contents of macro- and 
micronutrients in whole-plant leaves sampled from the check, 
PK, and NPK treatments at 14-day intervals between silking 
and 56 DAS are presented in Appendix Tables B47 and B49. 
Mean squares from the analyses of variance for these values 
are presented in Appendix Tables B48 and B50. 
The average N, P, K, S, Fe, Cu, and Na content of whole-
plant leaves declined progressively at successive sampling 
stages during the seed-filling period (Appendix Tables B47 
and B49). On the other hand, the average content of Ca, Mg, 
Mn, B, Zn, and A1 in whole-plant leaves increased slightly 
between silking and 14 DAS, and decreased thereafter. Ex­
cept for differences in magnitude, the patterns of variation 
in the nutrient content of whole-plant leaves during the 
seed-filling period were generally similar to those described 
earlier for the ear leaves. 
There were significant effects of fertility treatments 
on the leaf content of all nutrients (Appendix Tables B48 
and B50). The check treatment resulted in significantly 
lower leaf nutrient contents than the average of the PK and 
NPK treatments, except for Mg, where a significant increase 
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in the leaf content with the NPK treatment was counter­
balanced by a significant decrease with the PK treatment. 
As a result, the average Mg content in the leaves due to the 
PK and NPK treatments was not significantly different than 
that due to the check. Furthermore, the NPK treatment re­
sulted in significantly higher leaf nutrient contents than 
the PK treatment, except for K and Na, where the differences, 
though considerable, were not statistically significant 
(Appendix Tables B48 and B50). 
Whole-plant sheaths The contents of macro- and 
micronutrients in whole-plant leaf sheaths sampled from the 
check, PK, and NPK treatments at 28-day intervals between 
silking and 56 DAS are presented in Appendix Tables B51 and 
B53. Mean squares from the respective analyses of variance 
are presented in Appendix Tables B52 and B54. 
The average content of N, P, K, S, Zn, and Na in the 
leaf sheaths declined significantly at successive sampling 
stages during the seed-filling period (Appendix Tables B51, 
B52, B53, and B54). Magnesium content declined slightly 
between silking and 28 DAS, and rapidly between 28 and 56 
DAS. On the other hand, the content of Ca, Mn, and B in the 
sheaths tended to increase slightly between silking and 28 
DAS, and to decrease between 28 and 56 DAS. The content of 
Fe and Cu tended to decrease slightly between silking and 28 
DAS, and to increase at later stages (Appendix Tables B51 
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and B53). As a result of such variability, the overall ef­
fect of stage on the content of Mg, Ca, Mn, B, Fe, and Cu 
in the leaf sheaths was not significant (Appendix Tables 
B52 and B53). 
The overall effects of fertility treatments were less 
pronounced on the nutrient content in the leaf sheaths than 
in the leaves of whole plants. The analyses of variance 
showed that leaf sheaths sampled from the PK and NPK treat­
ments averaged a significantly higher content of P, K, Ca, 
and Fe than those sampled from check plots (Appendix Tables 
B52 and B54). The analyses of variance further revealed that 
the NPK treatment resulted in a significantly higher leaf 
sheath content of N, S, Ca, Mg, and Fe than the PK treat­
ment. These findings are generally in agreement with the 
effects of fertility treatments on the concentration of 
nutrients in the leaf sheaths, with the exception that in­
creases in the dry weight of leaf sheaths obtained with the 
PK treatment tended to counterbalance the formerly mentioned 
reductions in the concentration of some nutrients compared 
to the check. 
Whole-plant stalks The contents of macro- and 
micronutrients in the stalks sampled from the check, PK, and 
NPK treatments at silking, 28 DAS, and 56 DAS are shown in 
Appendix Tables B55 and B57, and the respective analyses of 
variance are shown in Appendix Tables B55 and B58. 
200 
The average content of N, P, Zn, Al, and Na in the 
stalks declined significantly between silking and 56 DAS 
(Appendix Tables B55, B56, B57, and B58). While the con­
tent of P in the stalks declined progressively at successive 
stages, most of the decline in N, Al, and Na content occurred 
between silking and 28 DAS, and in Zn content between 28 and 
56 DAS (Appendix Tables B55 and B57). Changes in the stalk 
content of the rest of the nutrients were not significant, 
although the amount of S, Mn, Fe, B, and Cu tended to de­
crease slightly at successive stages. Contents of K, Ca, and 
Mg tended to increase slightly between silking and 28 DAS 
and to decrease slightly between 28 and 56 DAS (Appendix 
Tables B55 and B57). 
The analyses of variance revealed significant effects 
of fertility treatments on the contents of N, K, Ca, Mg, Cu, 
Al, and Na in the stalks (Appendix Tables B56 and B58). 
Compared to the average of the PK and NPK treatments, the 
check resulted in significantly lower contents of N, K, Ca, 
Mg, Cu, and Al, and in a significantly higher content of Na 
in the stalks (Appendix Tables B55 and B57). The NPK treat­
ment resulted in significantly higher contents of N, Ca, and 
Cu, and in significantly lower contents of K and Al in the 
stalks than the PK treatment. The PK and NPK treatments re­
sulted in statistically similar contents of Mg and Na in the 
stalks, although they tended to be higher due to the NPK 
201 
treatment. The NPK treatment also resulted in considerably 
higher contents of Fe and B and a considerably lower content 
of Zn in the stalks than both the check and the PK treatment. 
Moreover, the PK treatment resulted in a considerably higher 
content of P in the stalks when compared to the check and the 
NPK treatment (Appendix Tables B55 and B57). According to 
the analyses of variance, however, these differences failed 
to be significant at the 5% level of probability (Appendix 
Tables B56 and B58). 
Whole plants Total uptake and distribution of 
nutrients in the different plant parts were determined for 
the check plots during the seed-filling period. These data 
are presented in Appendix Tables B59 and B60 for the macro-
and micronutrients, respectively. Nutrient contents in whole 
ears and in whole plants were generated by adding the nutrient 
contents in individual ear parts or in individual plant parts, 
respectively, at sampling stages where data for nutrient con­
tents in all individual plant parts were available; i.e., 
at silking, 14, 28, and 56 DAS. It is assumed in these tables 
that the content of nutrients in the grain at harvest was the 
same as that at 56 DAS, since physiological maturity had 
been attained by then. 
Tables 26 and 27 show the content and relative propor­
tion of nutrients in different parts of corn plants at silk­
ing and at physiological maturity. At silking, more than 90% 
Table 26. Nutrient contents in different parts of corn plants sampled from check 
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Table 27. Relative proportion of nutrients (% of total) in different parts of 
corn plants sampled from check plots of the N-P-K experiment at 
silking and physiological maturity in 1984 
Nutrient 
Plant part N P K S Ca Mg Mn Fe B Cu Zn A1 Na 
Silkinq 
Leaves 51 39 40 49 57 39 39 63 44 38 27 57 7 
Sheaths 8 12 24 9 20 26 45 11 23 13 15 11 23 
Stalk Sc tassel 29 36 26 34 22 33 12 18 28 41 50 28 62 
Ear parts 12 13 10 8 1 2 4 8 5 8 8 4 8 
Maturity 
Leaves 6 4 5 8 28 12 18 23 15 9 8 26 5 
Sheaths 5 5 6 6 30 27 54 14 24 14 10 17 21 
Stalk & tassel 13 12 20 24 35 38 13 26 23 20 28 31 43 
Ear parts 
(nongrain) 
12 6 36 9 5 4 7 16 15 31 16 15 10 
Grain 64 73 33 53 2 19 8 21 23 26 38 11 21 
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of the nutrient content was in the vegetative portion of the 
plant, and ranged from 87% for P to 99% for Ca. At physio­
logical maturity, the grain contained approximately two-
thirds, three-fourths, one-third, one-half, and one-fifth 
of the total N, P, K, S, and Mg in the plant, respectively. 
The grain contained a very small proportion of total Ca in 
the plant. The amount of Ca in the grain was approximately 
one-tenth that of Mg. The grain also contained a relatively 
low proportion (approximately one-tenth) of total plant Mn 
and Al. The relative content of Fe, B, Cu, and Na in the 
grain ranged from one-fourth to one-fifth the total plant 
content and that of Zn approached two-fifths of the total 
content in the plant at maturity. 
Figures 36 and 37 (A, B, and C) show the contents of N, 
P, and S, and K, Ca, and Mg, respectively, in whole ears, 
whole plants, and in various plant parts sampled from check 
plots during the seed-filling period. The decline in the 
content of N, P, and K, and to a lesser extent of S and Mg, 
in the vegetative plant parts and, except for K, in the non-
grain ear parts, particularly between 14 and 42 DAS, may 
suggest varying degrees of translocation of these nutrients 
into the developing grain. However, since Ca is quite immo­
bile in the plant, and since this lack of mobility is par­
ticularly manifested in the low content of Ca in the ear and 
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Figure 36. The content of N (A), P (B), and S (C) in whole plants, whole ears, and 
in the various parts of corn plants grown at the check fertility level 
during the seed-filling period (N-P-K experiment, 1984) 
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Figure 37. The content of K (A), Ca (B), and Mg (C) in whole plants, whole ears, 
and in the various parts of corn plants grown at the check fertility 
level during the seed-filling period (N-P-K experiment, 1984) 
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leaves between 28 and 42 DAS probably reflects more a loss 
in leaf tissue due to shattering than a loss of Ca due to 
translocation into the developing grain. This possibility 
is further confirmed by the decline in the whole-plant con­
tent of most nutrients between 28 and 56 DAS (Appendix Tables 
B59 and B60). The loss of dry matter due to shattering of 
leaves and insect damage during the 1984 season has already 
been discussed. However, the relatively sharp decline in the 
whole-plant content of K, Ca, and Mg (Figure 37) as compared 
to N, P, and S (Figure 36) may also implicate leaching as a 
possible factor involved in the additional loss of these 
nutrients from the plant. 
1985 data 
Dry weights Treatment means for the dry weights of 
ear leaves, cobs, and grain sampled at 14-day intervals be­
tween silking and 56 DAS are presented in Appendix Table B61. 
Mean squares from the corresponding analyses of variance are 
presented in Appendix Table B62. 
In a similar fashion to the findings from the P-K ex­
periment, the dry weight of ear leaves declined only slightly 
during the seed-filling period of 1985 compared to 1984. In 
1985, the dry weight of ear leaves at 56 DAS averaged 88% of 
the maximum obtained at silking, as compared to 2 3% of maxi­
mum obtained at 14 DAS in 1984. Cobs increased in weight 
rapidly between silking and 14 DAS, continued to increase at 
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a slower rate until 42 DAS, and then leveled off for the 
rest of the season. 
Dry matter accumulation in the grain was relatively slow 
between silking and 14 DAS. The rapid linear increase in 
grain dry weight took place between 14 and 42 DAS, and dry 
matter accumulation continued at a slower rate until 56 DAS. 
Percent of maximum grain weights obtained at different stages 
were 7, 40, 83, and 100% at 14, 28, 42, and 56 DAS, respec­
tively. 
The analyses of variance show significant effects of N 
fertilizer on the dry weight of ear leaves, cobs, and grain, 
and of P levels of soil fertility on the dry weight of ear 
leaves and grain (Appendix Table B62). Averaged over the 
seed-filling period, N fertilizer resulted in an average in­
crease of 13, 26, and 30% in the dry weight of ear leaves, 
cobs, and grain, respectively (Appendix Table B61). The 
higher level of soil available P resulted in an average in­
crease of 12 and 14% in the dry weight of ear leaves and 
grain, respectively. Potassium soil test levels, however, 
did not significantly influence the dry weight of any of 
these components (Appendix Tables B61 and B62). 
Figure 38 (A and B) shows the main effects of N fer­
tilizer and of P soil test levels, respectively, on the dry 
weight of ear leaves and cobs during the seed-filling period. 
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Figure 38. Main effects of N fertilizer (A) and P levels of soil availability (B) 
on the dry weight of ear leaves and cobs (N-P-K experiment, 1985) 
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grain are shown in Figure 39. 
Final grain yields Table 28 shows the treatment 
means for final grain yield (at 15.5% moisture), kernel size, 
and number of kernels per hectare. Mean squares from the 
analyses of variance for these values are reported in Table 
29. 
Grain yields were significantly increased by fertilizer 
N and higher soil test P level, but were not influenced by 
levels of soil available K. Increases in yield resulted 
from increased seed size as well as seed number (Table 29). 
The response in grain yield due to the main effects of N and 
F was 2704 and 1700 kg/ha, representing a yield increase of 
29 and 19%, respectively. Kernel size was increased by 11 
and 6% and kernel number by 21 and 15% due to the main ef­
fects of N and P, respectively. 
The analyses of variance show significant N*P and P*K 
interaction effects on grain yield (Table 29). The negative 
N*P interaction resulted from the fact that the combined ef­
fect of NP, amounting to a yield response of 4404 kg/ha, was 
less than the additive effect of the single responses of 
3454 and 2449 kg/ha due to N and P, respectively, and was 
mainly a result of an interaction effect of these fertility 
levels on the number of kernels produced. On the other hand, 
the positive P*K interaction effect on grain yield indicated 
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Figure 39. Main effects of N fertilizer and P levels of 
soil availability on the dry weight of grain 
(N-P-K experiment, 1985) 
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Table 28. Treatment means for the final grain yield, kernel 
size, and number of kernels per hectare in 1985 
Grain Kernel Kernels/ 
yield size ha ç. 
Treatment kg/ha g/100 (x 10 ) 
Check 5635 20.67 27.16 
N 8988 22.83 39.37 
P 7286 21.93 33.25 
NP 8855 22.61 39.20 
K 5010 18.99 26.42 
NK 8564 22.68 37.39 
PK 8256 21.58 38.24 
NPK 10598 24.85 42.63 
Mean 7899 22.02 35.46 
LSD 1342 1.49 4.60 
Table 29. Mean squares from the analyses of variance for 
the. final grain yield, kernel size, and number of 
kernels per hectare in 1985 
Source of Grain Kernel Kernels/ 
variation df yield® size ha^ 
Rep 3 0.98 1.43 0.96 
N 1 58.51** 48.12** 56.18** 
P 1 23.11** 16.79** 26.41** 
K 1 1.38 0.00 1.62 
N*P 1 4.49* 1.82 8.24** 
N*K 1 0.47 8.49** 0.39 
P*K 1 7.07** 6.98* 6.20* 
N*P*K 1 0.16 0.56 0.00 
Error 21 0.83 1.03 0.98 
10^ for actual mean squares. 
^x 10^3 for actual mean squares. 
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response in grain yield was more than the sum of the single 
effects of +760 and -524 kg/ha for P and K, respectively, 
and was a result of an interaction effect of these fertility 
levels on the number and size of kernels produced. Con­
versely, a similar N*K interaction effect only on seed size 
failed to significantly influence grain yields (Tables 28 
and 29). 
Nutrient concentrations Chemical analyses were per­
formed on ear leaf samples taken at 14-day intervals from 
silking to 56 DAS, and on grain samples taken at 28 DAS and 
at harvest. Chemical analyses, however, were not performed 
on ear leaf and grain samples from the N and NK treatments 
due to reasons previously discussed in the Materials and 
Methods section. This omission of treatments altered the 
original factorial design of the experiment and, while main 
effects of N, P, and K could still be estimated by calculat­
ing least squares means, effects due to their interaction 
could not be characterized. 
Ear leaves Treatment means for the concentra­
tions of the major and minor elements in the ear leaves 
during the seed-filling period of 1985 are presented in 
Appendix Tables B63 and B65. Mean squares from the respec­
tive analyses of variance are presented in Appendix Tables 
B64 and B66. The overall pattern of variation in the con­
centration of nutrients in the ear leaves during the seed-
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filling period of 1985 closely resembled the one observed 
for the P-K experiment during the same period, although 
slight differences were detected at individual sampling 
stages. 
The average concentration of N decreased and of Ca in­
creased progressively at successive sampling stages during 
the seed-filling period (Appendix Table B63). The concen­
tration of P and K did not change between silking and 14 DAS, 
but declined towards the end of the season. Sulfur concen­
tration remained unchanged, whereas that of Mg increased be­
tween silking and 42 DAS. The concentration of both nutri­
ents then declined between 42 and 56 DAS. 
The concentration of Fe and A1 in the ear leaves de­
creased between silking and 14 DAS, and tended to increase 
for the rest of the season, particularly between 42 and 56 
DAS (Appendix Table B65). The concentration of Mn, B, and 
Zn, which did not change between silking and 14 DAS, de­
clined between 14 and 28 DAS. Subsequently, the concentra­
tion of B increased while that of Zn remained unchanged for 
the rest of the season. On the other hand, Mn increased in 
concentration between 28 and 42 DAS, but remained virtually 
unchanged thereafter. Copper concentration tended to decline 
in the ear leaves, especially between silking and 14 DAS, 
and between 28 and 42 DAS. Sodium concentration increased 
between silking and 14 DAS and decreased slowly between 14 
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and 42 DAS and rapidly between 42 and 56 DAS. 
A widespread replicate variability in the ear leaf con­
centration of nutrients similar to the one observed for the 
P-K experiment was also apparent from the analyses of vari­
ance for this experiment during the 1985 season (Appendix 
Tables B64 and B66). Replicate variability was significant 
on the concentration of N, P, S, Ca, Mn, B, and Na, and, as 
discussed in the P-K experiment, was probably a result of 
irrigating only two out of the four replications of the ex­
periment through a sprinkler system. The concentrations of 
the different cations and anions in the pond water used for 
irrigation have been summarized in Table 15. 
Table 30 shows the average concentration, over the 
entire sampling period, of nutrients in the ear leaves 
sampled from the different replications. Leaves sampled 
from the first and second (irrigated) replications were con­
sistently higher in their concentration of N, P, S, Mn, B, 
and Na than those sampled from the third (nonirrigated) one. 
This is in close agreement with the findings from the P-K 
experiment, especially for Na concentration which was over 
three times higher in ear leaves sampled from irrigated 
plots than from nonirrigated ones. Also in agreement with 
the findings from the P-K experiment was the tendency for Ca 
and Mg concentrations to be lower in ear leaves sampled from 
irrigated plots than from nonirrigated ones, although the 
Table 30. Average nutrient concentration of ear leaves sampled from different 
replications of the N-P-K experiment in 1985^ 
Nutrient concentration (on a dry weight basis) 
Repb N P K S Ca Mg Mn Fe B Cu Zn A1 Na 
o/ / 
1 1.68 0.16 1.04 0. 13 0.84 0.67 60 229 6.7 5.5 34 178 463 
2 1.74 0.17 0.98 0. 14 0.83 0.67 60 214 6.5 5.4 34 162 451 
3 1.58 0.14 1.00 0. 12 0.90 0.74 46 221 5.9 5.4 33 187 144 
^Average over the seed-filling period. 





differences in the concentration of Mg were not significant 
(Appendix Table B64). The concentration in the ear leaves of 
K, Fe, Cu, Zn, and A1 were statistically, similar in the three 
replications. 
The analyses of variance show significant effects of N 
fertilizer on the concentrations of N, P, S, Mn, Cu, and Zn 
in the ear leaves (Appendix Tables B64 and B66). Estimates 
from least squares means indicated that the main effects of 
N fertilizer were to increase the average concentrations of 
these nutrients in the ear leaves by approximately 34, 18, 
16, 26, 42, and 25%, respectively, over the seed-filling 
period. 
Increased P, Ca, and Mg concentrations, and decreased Zn 
and A1 concentrations in the ear leaves resulted from the 
higher level of soil available P. Averaged over the seed-
filling period, P, Ca, and Mg concentrations were increased 
by 33, 11, and 16%, respectively, whereas Zn and A1 concen­
trations were decreased by 24 and 20%, respectively. 
The higher level of K availability in the soil signifi­
cantly increased K concentration but decreased the concen­
trations of several other nutrients in the ear leaves. While 
K concentration was increased by an average of 47% over the 
sampling period, the concentrations of N, P, S, Ca, Mg, Mn, 
Fe, and A1 were decreased by 5, 12, 11, 15, 37, 15, 17, and 
20%, respectively, due to the main effects of increased 
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soil available K. 
Significant N, P, and/or K interactions with stage show 
that the magnitude and, in some cases, the direction of dif­
ferences in nutrient concentrations due to fertility treat­
ments were different at the different sampling stages (Appen­
dix Tables B64 and B56). However, consistent main effects 
of N, P, and K fertility levels on the average concentration 
of nutrients in the ear leaves over the seed-filling period 
of both years may be summarized as follows: (1) nitrogen 
fertilizer increased the concentration of N, P, S, Mn, Cu, 
and Zn; (2) increased soil P availability increased the con­
centration of P, Ca, and Mg but decreased the concentration 
of Zn; and (3) increased soil K availability increased the 
concentration of K but decreased the concentrations of N, P, 
S, Ca, Mg, Mn, and Fe. 
Grain The concentrations of the major and minor 
elements in the grain at 28 DAS and at harvest as influenced 
by the different treatments are shown in Appendix Tables B67 
and B69. Mean squares from the respective analyses of vari­
ance are shown in Appendix Tables B58 and B70. 
Average nutrient concentrations were generally lower in 
the grain at harvest than at 28 DAS, except for Fe, Zn, Al, 
and Na. According to the analyses of variance (Appendix 
Tables B68 and B70), the average concentration of Na was not 
significantly different for these two stages and the concen­
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trations of Fe, Zn, and A1 were significantly higher at 
harvest than at 28 DAS. However, despite the statistical 
significance inferred from the analyses of variance, actual 
differences in the grain concentration of most nutrients 
between the two stages were quite small and practically in­
significant (Appendix Tables B67 and B69). Again, as was the 
case in the P-K experiment, unusually high levels of Na in 
the leaves had no influence on Na concentration in the grain. 
Fertilizer N significantly influenced the concentrations 
of N, K, S, Ca, Mg, Fe, and B in the grain (Appendix Tables 
B68 and B70). When the main effects were estimated from 
least square means, it was found that fertilizer N had in­
creased the concentrations of N, K, S, Fe, and B, but de­
creased those of Ca and Mg in the grain. 
The effects of soil P were significant on the concen­
trations of P, K, Mg, and Zn, and of soil K were significant 
on the concentrations of P, Ca, Mg, Mn, B, Zn, and A1 (Appen­
dix Tables B68 and B70). Increased P, K, and Mg concentra­
tions and decreased Zn concentration in the grain resulted 
from increased soil P availability. On the other hand, sig­
nificant decreases in the concentrations of P, Ca, Mg, Mn, 
B, and Zn, and a significant increase in the concentration of 
A1 in the grain resulted from increased soil K availability 
(Appendix Tables B67 and B69). Although statistically sig­
nificant, the above-mentioned differences in the grain 
221 
concentration of nutrients due to the main effects of N, 
P, or K fertility levels were nevertheless quite small when 
averaged over the two stages. 
Common effects of N, P, and K levels of fertility on the 
grain concentration of nutrients in both years are the 
following: (1) N fertilizer increased the concentrations of 
N, S, and Fe, but decreased the concentration of Ca; (2) in­
creased P availability increased the concentration of P; 
and (3) increased K availability decreased the concentrations 
of P and Mg. 
Nutrient contents Nutrient concents in the ear 
leaves and grain were determined for the same treatments at 
the same stages referred to in the previous section on nutri­
ent concentrations. 
Ear leaves Treatment means for the nutrient 
contents in the ear leaves during the seed^filling period of 
1985 are reported in Appendix Tables B71 and B73. Mean 
squares from the respective analyses of variance are re­
ported in Appendix Tables B72 and B74. 
The variation in the contents of nutrients in the ear 
leaves followed a similar pattern to the variation in their 
concentrations during the seed-filling period. Since the 
dry weight of ear leaves did not decline appreciably in 1985, 
it would be expected that the pattern of variation in the 
contents of nutrients with time would be more a function of 
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the changes in nutrient concentrations than of the dry-
weights of ear leaves. 
Differences due to replication were only significant 
on the ear leaf contents of Mn and Na (Appendix Table B74). 
Although irrigation had significantly increased the concen­
trations of N, P, S, Mn, B, and Na, as discussed earlier, 
it appeared that only the concentrations of Mn and Na had 
been increased enough to significantly influence their total 
contents in the ear leaves. Table 31 shows the average con­
tents, over the seed-filling period, of nutrients in the ear 
leaves sampled from the different replications. It is 
readily apparent from the table that the most striking effect 
of irrigation was on the Na content, which was more than three 
times higher in the ear leaves from irrigated plots than in 
those from nonirrigated ones. 
The analyses of variance revealed significant effects 
of fertilizer N on the ear leaf contents of N, P, S, Ca, Mn, 
B, Cu, and Zn (Appendix Tables B72 and B74). Least squares 
means estimates showed that the contents of these nutrients 
were increased by an average of 42, 28, 25, 12, 34, 19, 49, 
and 33%, respectively, due to the main effects of N fer­
tilizer over the seed-filling period. Increases in the con­
tents of Ca and B resulted mainly from increased dry weights, 
since their concentrations in the ear leaves were not sig­
nificantly influenced by N fertilizer. 
Table 31, Average nutrient contents of ear leaves sampled from different 
replications of the N-P-K experiment in 1985^ 
Nutrient content 
Rep^ N P K S Ca Mg Mn Fe B Cu Zn A1 Na 
kg/ha g/ha 
1 9.20 0.90 5.62 0.70 4.43 3.52 32 118 4 3 18 90 244 
2 9.29 0.90 5.11 0.72 4. 32 3.49 31 109 3 3 18 82 235 
3 8.57 0.76 5.31 0.63 4.73 3.94 24 114 3 3 18 95 70 
^Average over the seed-filling period. 
^Replications 1 and 2 were irrigated, 3 was not. 
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The analyses of variance also showed significant ef­
fects of P levels of soil fertility on the ear leaf contents 
of N, P, K, Ca, Mg, and B (Appendix Tables B72 and B74). 
The higher soil test P level increased the contents of these 
nutrients by an average of 12, 39, 14, 22, 27, and 19%, 
respectively, over the seed-filling period. Since only the 
concentrations of P, Ca, and Mg were increased significantly 
with increased soil P, it follows that the increases in the 
contents of N, K, and B were simply a result of increased 
ear leaf dry weights. 
A significant increase in the content of K and signifi­
cant decreases in the contents of Ca, Mg, Mn, Fe, and A1 in 
the ear leaves resulted from increased soil K availability 
(Appendix Tables B71, B72, B73, and B74). Averaged over the 
seed-filling period, the K content in the ear leaves was in­
creased by 48%, whereas the Ca, Mg, Mn, Fe, and A1 contents 
were decreased by 15, 37, 12, 16, and 19%, respectively, due 
to the main effects of increased K availability in the soil. 
Since the dry weights of ear leaves were not influenced by K 
levels of soil fertility, the effects of K levels on the 
nutrient contents resulted primarily from their effects on 
nutrient concentrations in the ear leaves. 
Consistent effects of N, P, and K fertility levels on 
the contents of nutrients in the ear leaves in 1984 and 1985 
may be summarized as follows; (1) N fertilizer increased 
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the contents of N, P, S, Ca, Mn, B, Cu, and Zn; (2) in­
creased P availability increased the contents of P, Ca, and 
Mg; and (3) increased K availability increased the K content 
but decreased the contents of Ca, Mg, and Mn. 
Grain Appendix Tables B75 and B77, respec­
tively, show the contents of the macro- and micronutrients 
in the grain at 28 DAS and at harvest. Mean squares from 
the respective analyses of variance are presented in Appendix 
Tables B76 and B78. Nutrient contents increased significant­
ly in the grain between 28 DAS and harvest, except for the 
content of B, which did not differ between the two stages. 
Nitrogen fertilizer resulted in highly significant in­
creases in the contents of all nutrients in the grain (Ap­
pendix Tables B75, B76, B77, and B78). The amounts of N, 
P, K, S, Ca, Mg, Mn, Fe, B, Cu, Zn, Al, and Na were increased 
by an average of 38, 22, 30, 33, 21, 28, 28, 38, 37, 50, 26, 
32, and 37%, respectively, over the two stages due to the 
main effects of N fertilizer. 
The higher level of soil available P also resulted in 
significant increases in the grain contents of nutrients 
except Cu and Na. Averaged over the two stages, the main 
effect of increased P availability was to increase the grain 
contents of N, P, K, S, Ca, Mg, Mn, Fe, B, Zn, and Al by 19, 
39, 28, 21, 22, 29, 20, 24, 15, 17, and 31%, respectively. 
The increases in nutrient contents due to the main effects 
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of N and P were mainly a result of increased grain dry 
weights, since the concentrations of only a few nutrients in 
the grain were influenced by these main effects. The main 
effects of increased soil availability were restricted to 
an average of 8 and 17% increases in the grain contents of N 
and Al, respectively, over the two stages. 
In summary, N fertilizer increased the grain content of 
all nutrients in 1984 and 1985. The higher soil test P 
level consistently increased the grain contents of P, K, Ca, 
Mg, and Mn in both years. However, no consistent effects of 
increased soil K availability on nutrient contents in the 
grain were observed in the two years. 
Table 32 shows the average dry weights and nutrient con­
centrations of ear leaves at silking and 56 DAS, and of the 
grain at harvest in 1984 and 1985 for the lowest and highest 
treatments of the experiment. Nutrient contents in these 
parts at the same stages in both years are summarized in 
Table 33. 
Table 32. Average dry weights and nutrient concentrations of ear leaves at 
silking and 56 days after silking, and of grain at harvest in 1984 
and 1985 for the check and the NPK treatment of the N-P-K experiment 
Ear leaves (silking) Ear leaves (56 DAS) Grain (harvest) 
1984 1985 1984 1985 1984 1985 
Check NPK Check NPK Check NPK Check NPK Check NPK Check NPK 
Dry 
wts 313 646 511 630 40 180 429 578 2829 6154 4762 8955 
(kg/ha) 
Nutrient concentrations (%) 
N 1.62 2.86 2.13 2.62 0.50 ' 1.17 0.83 1.18 1.08 1.55 1.24 1.40 
P 0.18 0.31 0.15 0.22 0.05 0.09 0.07 0.09 0.19 0.25 0.22 0.25 
K 1.30 2.02 1.00 1.43 0.25 1.02 0.41 1.08 0.33 0.41 0.33 0.34 
S 0.15 0.20 0.14 0.15 0.08 0.12 0.13 0.11 0.10 0.12 0.08 0.08 
Ca 0.64 0.80 0.69 0.69 0.67 1.01 0.93 1.05 0.01 0.01 0.01 0.01 
Mg 0.44 0.52 0.68 0.55 0.40 0.42 0.70 0.67 0.09 0.11 0.10 0.10 
Nutrient concentrations (pg/g) 
Mn 39 60 42 62 53 58 80 49 4 5 7 6 
Fe 101 240 237 192 130 136 498 248 19 26 29 34 
B 8 10 6 7 9 9 6 8 2 3 1 1 
Cu . 3 10 7 8 3 6 4 7 2 2 1 2 
Zn 21 40 46 41 20 16 35 33 21 22 25 20 
A1 63 178 205 137 151 156 496 185 13 8 4 5 
Na 6 13 258 204 12 6 269 405 5 2 3 3 
Table 33. Average nutrient contents in the ear leaves at silking and 56 days aft 
after silking, and of grain at harvest in 1984 and 1985 for the check 
and the NPK treatments of the N-P-K experiment 
Ear leaves (silking) Ear leaves (56 DAS) Grain (harvest) 
Nutr-
ent 
1984 1985 1984 1985 1984 1985 
Check NPK Check NPK Check NPK Check NPK Check NPK Check NPK 
Nutrient contents (kg/ha) 
N 5.1 18.4 10.8 16.0 0.2 2.2 3.7 6.5 30.7 94.7 61.6 126.8 
P 0.5 2.0 0.8 1.3 <0.1 0.1 0.3 0.5 5.6 16.0 10.9 22.3 
K 3.7 13.2 5.0 8.7 0.1 1.6 1.8 6.1 9.6 26.0 16.1 30.7 
S 0.5 1.3 0.7 0.9 <0.1 0.2 0.6 0.6 3.0 7.5 4.1 7.5 
Ca 2.0 5.2 3.5 4.2 0.3 1.5 4.1 5.8 0.3 0.6 0.5 0.9 
Mg 1.4 3.4 3.4 3.3 0.2 0.7 3.0 3.7 2.7 6.9 4.8 9.4 
Nutrient content s (g/ha) 
Mn 9 39 21 38 2 9 36 27 12 32 34 51 
Fe 27 156 120 117 5 20 216 137 54 162 142 304 
B 2 6 3 5 0 2 3 5 6 21 5 9 
Cu 1 6 3 5 0 1 2 4 5 13 6 15 
Zn 6 26 23 25 1 2 15 18 63 138 120 181 
A1 18 116 104 83 6 24 214 102 34 52 20 48 




Final grain yields for both experiments in 1984 aver­
aged 70% of those obtained in 1985. Two factors that may 
have influenced grain yields were the hybrids used and the 
plant populations obtained at harvest. In 1984, B73xMol7 
was used and average plant population at harvest was 59,000 
plants/ha. In 1985, Pioneer 3475 was used and average plant 
population at harvest was 69,000 plants/ha. It is not 
possible to assess the degree to which these factors influ­
enced grain yields. 
A third factor which influenced grain yields was the 
weather. The different weather conditions for the 1984 and 
1985 growing seasons were discussed in the Materials and 
Methods section. In 1984, higher than normal temperature 
coupled with a severe moisture deficit during the month of 
August resulted in extreme drought conditions. These stress­
ful conditions were intensified by heavy field infestations 
with corn borers, ear worms, and grasshoppers, and undoubted­
ly resulted in the leveling off of dry matter accumulation 
in the grain at 35 DAS, as illustrated in Figures ID and 2D 
for the P-K experiment, and Figure 16 for the N-P-K experi­
ment. In 1985, higher than normal temperatures during May, 
lower than normal temperatures during August, and the use of 
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effective insect control measures probably favored seed 
germination and prolonged the grain-filling period. This is 
supported by the higher plant population obtained at harvest, 
and the continued dry matter accumulation in the grain until 
56 DAS, as illustrated in Figures 14 and 39 for the P-K and 
N-P-K experiments, respectively. The longer period of effec­
tive dry matter accumulation in the grain during the 1985 
season definitely resulted in increased grain yields because 
grain dry weights measured at 28 DAS were similar in both 
years. Several workers have shown that the length of the 
seed-filling period is positively correlated with corn yields 
(Crosbie and Mock, 1981; Daynard and Kannenberg, 1976; 
Daynard et al., 1971; Hanway and Russell, 1969; Peaslee et 
al., 1971). 
Significant reductions in yields associated with mois­
ture stress during grain-filling have been reported by several 
authors (Barnes and Woolley, 1969; Claassen and Shaw, 1970; 
Denmead and Shaw, 1960; Hall et al., 1980; Harder, 1979; 
Harder et al., 1982; Robins and Domingo, 1953; Shaw, 1977; 
Wilson, 1968). Moisture stress during silking and the lag 
phase of grain-filling commonly resulted in decreased seed 
number. Stress during later stages of grain-filling usually 
reduced seed size, but had little effect on seed number. The 
effects of moisture stress during the 1984 season were more 
pronounced on seed size than on seed number. For the P-K 
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experiment, the reduction in seed size was 25% and in seed 
number 6% in 1984 compared to 1985. For the N-P-K experi­
ment, the reductions in seed size and seed number were 24 and 
9%, respectively. 
Another effect of moisture stress was the decline in the 
dry weight of ear leaves with time which was much more pro­
nounced in 1984 than in 1985. During the 1984 season, the 
dry weight of ear leaves declined rapidly after reaching a 
maximum at 14 DAS. At 56 DAS, ear leaves averaged 47 and 23% 
of their maximum dry weight obtained in the P-K and N-P-K 
experiments, respectively. Comparatively, in 1985, ear 
leaves at 56 DAS averaged 91 and 88% of their maximum dry 
weight obtained at silking. The decline in leaf dry weight 
during the 1984 season and the associated reduction in leaf 
area would be expected to reduce grain yields. 
Current evidence suggests that with an adequate water 
supply, only a small proportion of grain dry weight comes 
from the store of prior assimilates in the vegetative por­
tions of the plant, but when stress occurs during seed-
filling, an increased proportion of the prior assimilates is 
transferred to the seed. Using regression techniques to model 
the growth of irrigated and desiccated corn plants, Jurgens 
et al. (1978) found that grain growth of the desiccated 
plants continued after shoot growth had ceased. Grain yield 
was then very dependent on remobilization of stored assimi­
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lates from vegetative plant parts, mainly the stalk, causing 
a decline in the dry weights of these parts. Measurements 
made on the dry weights of vegetative plant parts and non-
grain ear parts in 1984, and on the ear leaves and cobs in 
1985, showed that the dry weights of these components de­
clined after reaching maxima, suggesting translocation of 
assimilates into the developing grain from all plant parts 
except the cobs, where no such declines in dry weights were 
recorded in either year. 
Although a larger proportion of assimilate translocation 
would be expected under moisture stress conditions, the very 
large decline in the dry weight of leaves and stalks observed 
during the 1984 season was not totally a result of assimi­
late transfers into the seed. Losses in the dry weight of 
whole plants (Figure 18) indicate that dry matter accumulation 
in the grain did not completely account for losses in the dry 
weight of other plant parts, and that these losses resulted 
from shattering of leaves and stalk breakage caused by in­
sect damage. 
Nitrogen fertilizer resulted in highly significant in­
creases in the dry weight of all plant components sampled 
during the seed-filling period and on grain yields obtained 
at harvest in both years. These results were not surprising 
in view of the high N requirement of corn plants and the fact 
that N concentrations in the ear leaves taken from N check 
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plots at silking were below the lower limit of the sufficiency 
range for N published by Jones and Eck (1973). The effects 
of P and K were less pronounced than those of N fertilizer. 
Phosphorus and K fertility variables represented previously 
established levels in the soil and no P or K fertilizer was 
applied during the course of this study. 
Soil test K levels only ranged from low to medium in 
both experiments. Hence, a limited response in the dry weight 
of plant components would be expected. Some small differ­
ences significant at certain stages during the seed-filling 
period lost their significance when averaged over the entire 
seed-filling period. The effects of soil K levels on the dry 
weight of plant parts were generally more pronounced in the 
P-K experiment than in the N-P-K experiment, and more so in 
1984 than in 1985. 
Unfavorable moisture conditions often reduce nutrient ac­
cessibility and availability in the soil and also the plant's 
ability to absorb nutrients. However, based upon previous 
reports (Arnon, 1975; Chandler, 1960; Hanway, 1962b; Jordan 
et al., 1950; Sayre, 1948), K uptake during the 1984 season 
should have been completed before the plants became stressed 
for moisture. Yields would then be relatively more limited 
by the restricted late-season availability of N, P, and other 
nutrients (e.g., S and Mg), the uptake of which normally 
continues until near maturity. This may explain some of the 
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difference in response to K observed during the two years. 
In 1984, the dry weight of most plant parts sampled dur­
ing the seed-filling period and final grain yields were in­
creased by the higher level of soil available K in the P-K 
experiment. In the N-P-K experiment, increased K avail­
ability resulted in higher grain yields, but did not influence 
the dry weights of plant parts sampled during the seed-filling 
period. In 1985, increased K availability did not signifi­
cantly increase the average dry weight of any plant part 
sampled during the seed-filling period in either experiment. 
However, final grain yields were significantly influenced by 
the higher level of soil test K in the P-K experiment, but 
not in the N-P-K experiment. This increase in yield re­
sulted from differences in grain dry weight that appeared at 
later stages of development, as illustrated in Figure 14. 
It is felt that the overwhelming effects of N fertilizer in 
the N-P-K experiment and favorable weather conditions in 1985 
on the dry weight of different plant parts probably veiled 
the relatively smaller K effects. 
As with K, P influence on the dry weight of plant parts 
was much less in the N-P-K experiment than in the P-K experi­
ment. In the former, P soil test levels ranged from very low 
to medium, and in the latter, from very low or low to very 
high. Also, the overwhelming effects of N fertilizer may 
have masked some of the smaller P effects on the dry weight 
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of plant parts sampled, especially when these effects were 
averaged over the entire seed-filling period. In the N-P-K 
experiment, only grain dry weight during the seed-filling 
period and final grain yields were significantly influenced 
by the higher level of P availability in both years. Phos­
phorus effects on the dry weight of other plant parts were 
more clearly detectable in the P-K experiment where a wider 
range of P availability existed and where N was not a vari­
able. The different weather conditions in 1984 and 1985 in­
fluenced the nature of the response of dry weight of plant 
parts and final grain yields to increased F availability. 
Response to P was quadratic in 1984, reflecting the restricted 
availability of P because of drying of the surface soil under 
moisture stress conditions and linear in 1985 when more 
favorable moisture levels existed. 
The rapid increase in seed dry weight began at all fer­
tility levels in both years by 14 DAS. Under favorable growth 
conditions (i.e., in 1985), dry matter accumulation in the 
grain as a function of time was almost linear between 14 and 
42 DAS for all fertility levels. However, the closest ap­
proach to linearity was achieved at the higher N, P, and/or 
K fertility levels as shown in Figures 14 and 39. Seed 
weights continued to increase beyond 42 DAS, but at slower 
rates, which also differed with different fertility levels, 
until the last sampling at 56 DAS. These findings are 
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generally in agreement with other reports (M-Ansari, 1982; 
Hanway and Russell, 1969; Johnson and Tanner, 1972) . How­
ever, they differ from the results of.Al-Ansari (1982) in 
that decreased dry weights of seeds due to lower fertility 
levels resulted from lower overall rates of dry matter 
accumulation throughout the seed-filling period rather than 
from a shortened period of rapid dry weight increase in the 
seeds. 
Where dry weights of whole plant parts were determined 
(i.e., from the check, PK, and NPK treatments of the N-P-K 
experiment), increases in fertility resulted in increased 
dry weight of different plant parts, whole ears, and whole 
plants (Figure 18), but did not markedly influence the rela­
tive proportion of the different plant parts (Figure 19). 
Similarly, the pattern of dry matter accumulation in the 
ears was not influenced by different fertility levels (Figures 
3 and 17). This is in agreement with previously published 
reports (Al-Ansari, 1982; Hanway, 1962a; Jordan et al., 1950). 
Increases in grain yields in response to fertility re­
sulted from increases in seed number and, to a lesser ex­
tent, in seed size. However, increases in seed size were not 
consistent and may have either reflected the differences in 
weather conditions during the seed-filling period of the two 
years or resulted from experimental errors. Tables 34 and 35 
show the mean squares from the combined analyses of variance 
Table 34. Mean squares from the analysis of variance for the final grain yield, 
kernel size, and number of kernels per hectare from the P-K experiment 
over 1984 and 1985 
Source of Grain Kernel Kernels/ 
variation df yield^ size ha^ 
Year (Yr) 1 118.34** 547.33** 10.25* 
P 3 18.05** 22.44** 18.94** 
K 1 31.90** 60.25** 18.15** 
P*K 3 2.42* 4.24 0.87 
Yr*P 3 0.70 4.05 0.96 
Yr*K 1 0.30 0.40^ 0.21 2.13^ 0.52 
Yr*P*K 3 0.22 0.85 1.43 
Pooled error 42 0.88 1.87 1.10 
10^ for actual mean squares. 
10^^ for actual mean squares. 
"^Composite mean square values for the Yr*P*K source of variation with 7 df 
against which the significance of Yr, P, K, and P*K was tested. 
Table 35. Mean squares from the analysis of variance for the final grain yield, 
kernel size, and number of kernels per hectare from the N-P-K experi­
ment over 1984 and 1985 
Source of Grain Kernel Kernels/ 
variation df yield^ size ha 
Year (Yr) 1 92.84** 429.27** 14.77* 
N 1 92.70** 26.92* 174.32** 
P 1 25.41** 37.10* 24.12* 
K 1 6.50 2.45 10.17 
N*P 1 6.06 5.96 10.64 
N*K 1 0.19 4.77 0.76 
P*K 1 4.85 2.34 5.85 
N*P*K 1 0.34 0.16 0.41 
Yr*N 1 1.42 21.36** 6.78* 
Yr*P 1 3.09* 0.09 5.55* 
Yr*K 1 0.78 1.19^ 2.25 4.72^ 1.92 
Yr*N*P*K 4 0.75 2.33 0.60 
Pooled error 42 0.69 1.15 0.97 
10^ for actual mean squares. 
^x 10^^ for actual mean squares. 
"^Composite mean square values for the Yr*N*P*K source of variation with 7 
df against which the significance of Yr, N, P, K, N*P, N*K, P*K, and N*P*K was 
tested. 
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over the two years for the grain yield, seed size, and seed 
number for the P-K and N-P-K experiments, respectively. These 
tables clearly signify the differences obtained in the two 
years and show the effects of fertility levels on yield and 
yield components over both years of study. 
Nutrient Concentrations 
The concentration of a particular nutrient is a ratio 
of the weight of that nutrient per unit weight of dry matter. 
Any factor, or group of factors, that causes the numerator 
or denominator of that ratio to change in a nonparallel man­
ner will either decrease or increase the resulting quotient. 
Differences have been observed among corn hybrids for the 
accumulation and utilization of nutrients for dry matter pro­
duction. Also, the uptake of nutrient elements by plants 
may be influenced by a number of environmental factors, 
including soil moisture. 
The effects of moisture stress conditions during the 
seed-filling period of 1984 on dry matter accumulation in 
the grain have been discussed in the previous section. It 
is likely that where growth is limited by soil moisture 
supply, total nutrient uptake will also be limited. However, 
the influence of decreasing soil moisture supply is not 
necessarily of the same magnitude for growth as for the up­
take of nutrient elements (Jenne et al., 1958), and, hence. 
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variability in nutrient concentrations between 1984 and 1985 
should be expected. Unfortunately, the use of a different 
hybrid in 1985 confounded environmental and genetic effects 
on nutrient concentrations and further complicated the in­
terpretation of the results. 
In addition, chemical analyses were performed on a much 
smaller number of samples in 1985 than in 1984. From a 
statistical standpoint, part of the variability obtained in 
the results may be attributed to the higher overall degrees 
of freedom in the analyses of variance for the 1984 data 
which enhanced the sensitivity of the tests of significance 
in these analyses compared to 1985. Nevertheless, in spite 
of these complicating factors, it was felt that while cir­
cumstantial effects of fertility may appear in one year but 
not in another, definite effects should be pronounced enough 
to appear in the tests of significance conducted in both 
years. Consequently, only definite effects of fertility 
common to both years on the concentration of nutrients will 
be considered in this section. 
The concentrations of N, P, K, S, Cu, and Zn in the ear 
leaves decreased between silking and physiological maturity. 
This decrease probably was a result of translocation of these 
elements from the leaves into the developing grain. In con­
trast, the concentrations of Ca, Fe, and A1 increased, re­
flecting the relative lack of mobility of these elements. 
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Changes in the concentrations of Mg, Mn, and B with time were 
very small, and while no clear-cut trends could be described 
for the variation of Mg and Mn, B concentration in the ear 
leaves tended to increase slightly during the seed-filling 
period. Sodium concentration in the ear leaves also varied 
in an inconsistent manner. In addition, leaf enrichment with 
Na from irrigation water averaged an 18-fold higher Na con­
centration in 1985 compared to 1984. The reader is referred 
to the Literature Review section for an account on the 
mobility of these individual elements. 
The concentrations of all nutrients declined in the 
grain between 14 DAS and harvest. The relatively faster 
rate of dry matter accumulation in the_ grain usually re­
sults in a dilution of mineral nutrients and lower concentra­
tions as the grain develops. 
Another outcome of the varying degrees of mobility of 
the different elements is the variation in their concentra­
tions at different positions on the plant and in different 
plant parts. The concentrations of N, P, K, S, B, Cu, and 
Zn increased in the leaves from the bottom to the top of the 
plant. Conversely, the concentrations of Ca, Mg, Mn, Fe, 
Al, and Na decreased from bottom to top. The magnitude of 
differences in nutrient concentrations in the leaves sampled 
from different positions on the plant was influenced by 
stages of growth during the seed-filling period and by 
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fertility treatments, as illustrated in Figures 25 through 
30 for the six major nutrients. Of the vegetative plant 
parts, the leaves generally contained the highest concen­
tration of most nutrients followed by the leaf sheaths and 
stalks, respectively. 
Several researchers have reported on the variation in 
elemental concentrations at different positions on the plant 
(Al-Ansari, 1985; Beauchamp et al., 1976; Gorsline et al., 
1955; Hanway, 1962c; Jones, 1970; Penelope and Rowell, 1978). 
Results reported herein are in general agreement with those 
obtained by other workers. A few exceptions, however, were 
noted. For example, Penelope and Rowell (1978) observed a 
decrease in S concentration in corn leaves from the bottom 
to the top of the plant. Also, Gorsline et al. (1965) found 
that upper corn leaves contained the lowest Cu concentrations, 
whereas Jones (1970) found Cu to be fairly evenly distributed 
in corn leaves. Such differences in nutrient distribution 
at different positions on the plant may be related to their 
availability in the soil which is influenced by many factors 
as discussed by Larson and Hanway (1977). 
The increase in S (and probably Cu) concentration from 
bottom to top leaves observed in this study may be associated 
with the increase in N concentration of corn leaves in the 
same direction. The similar behavior of N and S should be 
expected since both are required for protein synthesis. 
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Reneau (1983) recently demonstrated the close association 
between N and S by reporting that the N:S ratio was a better 
predictor of response to S applications on Coastal Plain 
soils than total S in corn tissue. As for Cu, Tiffin (1972) 
suggested that, because of the affinity of Cu for the N 
atom of amino carboxylic acids, the most stable Cu carriers 
in plant fluids were amino acids. In addition, a number of 
Cu proteins have been identified in plants. 
Concentration gradients similar to those in the leaves 
also existed in the leaf sheaths and stalks for most nutri­
ents, although a few exceptions were observed. For example, 
the concentration of B in the leaf sheaths and of K, S, and 
Mn in the stalks showed a distribution pattern which was 
opposite to the one observed in the leaves. While no ex­
planation is available for these differences, they emphasize 
the heterogeneous character of the nutrient status of the 
corn plant and reinforce the fact that analyses of all leaves 
provide only an average for the leaves, while analyses of 
leaves from any one position on the plants provide data that 
are not characteristic of all the leaves on the plants. 
The distribution of nutrients in outer, middle, and 
inner husks displayed a high degree of variability, especial­
ly in middle and inner portions. Such variability could be 
expected in view of the arbitrary manner in which husk 
samples were separated. However, where significant concen­
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tration gradients were found, outer husks contained the 
highest concentration of most nutrients. This may have re­
sulted from terminal loading brought about by transpiration. 
Also, cells of outer husks are more proteinaceous and possess 
a photosynthetic ability, probably allowing for the reten­
tion of a relatively larger proportion of nutrients than in 
the middle or inner husks. 
Nitrogen fertilizer applications caused consistent in­
creases in the ear leaf concentrations of N, P, S, Mn, Cu, 
and Zn during the seed-filling period in both years of study. 
In the grain, N fertilizer consistently increased the con­
centrations of N, S, and Fe, but decreased the concentration 
of Ca over the seed-filling period. 
Applications of N fertilizer usually result in higher N 
concentrations in corn leaves (Bennett et al., 1962; Jordan 
et al., 1950; Terman and Noggle, 1973). Where soil supplies 
are adequate, increased uptake of P and S and an associated 
increase in their contents in plant tissue should also result 
from N fertilization. Grunes (1959) attributed the commonly 
observed synergistic effects of N on P uptake by plants to 
increased top growth, increased root growth, altered metabo­
lism, or increased solubility of soil P. Bennett et al. 
(1962) presented evidence that physiological stimulation 
occurring within the plant as a consequence of increased N 
supply had resulted in a greater need for and absorption of P. 
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This hypothesis should especially hold for S which is closely 
associated with N in protein synthesis. In that relation, 
Rabuffetti and Kamprath (1977) reported that N fertilization 
had a larger effect than S fertilization in determining total 
S accumulation in corn grain and stover. 
Increased N compounds within the plant in response to 
applied N may also have been responsible for the increased 
concentrations of Mn, Fe, Cu, and Zn, since they are involved 
in protein synthesis and/or N and protein metabolism. It is 
also conceivable that reduced soil pH values as a result of 
N application (Table 22) may have increased their avail­
ability for uptake by a more extensive plant root system. 
On the other hand, reduced Ca concentrations in the grain 
may have been an outcome of increased dry matter accumula­
tion in response to N fertilization, especially since Ca 
concentrations in the grain are normally low as a result of 
the poor phloem mobility of Ca. 
Consistent increases in the concentration of P, N, and 
Ca and decreases in the concentration of Zn in the ear leaves 
during the seed-filling period resulted from increased P 
availability in the soil. Higher P levels also increased the 
P concentration but decreased the concentrations of Zn and 
Cu in the grain. 
In general, P fertilization and/or increased P avail­
ability in the soil result in higher P concentrations in the 
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tissue (Al-Ansari, 1985; Dumenil and Hanway, 1965; Powell 
and Webb, 1974). Dumenil and Hanway (1965) suggested that 
the effects of P on N concentration in corn leaves depended 
on the availability of N in the soil. Phosphorus fertilizer 
would increase leaf N where N fertilizer had been applied 
and initial leaf P levels had been low; i.e., under condi­
tions similar to the ones described in these experiments. 
The increased Ca concentrations in the ear leaves which 
resulted from increased P availability are not in agreement 
with the results of Al-Ansari (1985) , who found Ca concen­
trations in the leaves to be lowest at the high PK fertility 
level. Since his high P and K levels were confounded in one 
treatment, it is possible that antagonistic effects of high 
K levels on Ca absorption by plant roots may have outweighed 
any possible favorable effects of P. Working with intact 
corn roots, Bar-Yosef (1971) showed that P concentrations in 
solutions increased Ca flux into the roots. Miller et al. 
(1972) also reported mutual synergism for Ca and P absorption 
by intact corn roots. Mutual accumulation of Ca and P ions 
inside corn shoot mitochondria has also been suggested (Elzam 
and Hodges, 1968; Hanson and Miller, 1967). Furthermore, such 
accumulations were sufficient to form deposits of inorganic 
Ca phosphates (Elzam and Hodges, 1968; Peverly et al., 1974). 
Negative effects of high P levels on Zn concentrations 
in the plant have been widely reported in the literature and 
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often are cited as inducing Zn deficiency in soils containing 
marginal levels of Zn (Adams, 1980; Olsen, 1972). Olsen 
(1972) listed four possible reasons for the negative relation­
ship between these two nutrients. These were a P-Zn inter­
action in the soil, a slower rate of translocation of Zn 
from roots to tops, a dilution effect on Zn concentration in 
the tops resulting from growth response to P, and a metabolic 
disorder within the plant where an excessive concentration of 
P interferes with the metabolic function of Zn. However, the 
actual causal relationship and mechanism of this antagonism 
remain somewhat obscure (Adams, 1980). 
The observed reduction of Cu concentrations in the grain 
may be a simple dilution effect of increased grain yield in 
response to higher F fertility levels, especially since P-
induced Cu deficiency has not been widely reported on corn. 
In fact, Adriano et al. (1971) found no evidence of any Cu-P 
interaction in corn seedlings grown in nutrient solutions. 
Increased K fertility consistently resulted in a higher 
concentration of K and in lower concentrations of P, S, Ca, 
Mg, Mn, and Fe in the ear leaves during the seed-filling 
period. Increased K levels, however, did not influence the 
concentrations of nutrients in the grain, including those of 
K. The lack of effects of increased K on grain nutrient 
concentrations may have been an outcome of the small differ­
ences in K fertility levels, which ranged from low to medium 
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in all of the experiments. 
Several workers have shown that high levels of K avail­
ability resulted in increased K concentrations and decreased 
Ca and/or Mg concentrations in corn tissue (Al-Ansari, 1985; 
Boswell and Parks, 1957; Bower and Pierre, 1944; Claassen 
and Barber, 1977; Gallaher et al., 1975; Loue, 1963; Nielsen 
et al., 1963; Stout and Baker, 1981). Although some de­
creases in tissue concentrations of Ca and Mg were simple 
dilution effects of yield responses to added K, evidence in 
many studies indicated that definite antagonistic effects of 
high levels of K on Ca and Mg absorption by plant roots were 
involved. 
By plotting dry matter yields vs nutrient concentrations 
in top corn leaves at various harvests, Terman and Noggle 
(1973) illustrated the strong reciprocal relationship that 
existed between the concentrations of K and Ca + Mg in plants. 
Accordingly, they cautioned that the common belief that Ca 
concentration tended to increase with age of plants because 
of the increase in the proportion of cell wall material might 
need to be reevaluated in terms of this relationship. Figures 
29 and 30 show that the concentrations of Ca and Mg in corn 
leaves from different positions on the plant were depressed 
by the high PK treatment compared to the check. Interesting­
ly, N fertilizer reversed the effect of high K and increased 
the concentrations of Ca, but did not completely alleviate 
249 
the depressing effects of high K availability on the concen­
tration of Mg in the leaves. 
The reduced leaf concentrations of P and S were probably 
a dilution effect of increased leaf dry weight in response 
to the higher level of soil available K. This is supported 
by the fact that there is very little evidence of specific 
in-plant interactions between P and K (Adams, 1980) or S and 
K (Dibb and Thompson, 1985). 
There are conflicting results on the effect of increased 
K fertility on Mn or Fe concentrations in corn leaves. Al-
Ansari (1985) found no consistent effects of increased P and 
K fertility levels on the concentrations of either element in 
vegetative plant parts. Stukenholtz et al. (1966), however, 
observed that K increased Mn levels in corn. Conversely, 
Thompson (1962) suggested that increased K supply may induce 
Mn deficiency in corn, especially under conditions of low Mn 
availability. Data on the contents of these nutrients should 
clarify whether their reduced concentrations in the ear 
leaves resulted from increased leaf dry weights, or from a 
possible antagonistic effect of increased K availability. 
Nutrient concentrations in the leaves, leaf sheaths, 
stalks, and husks of whole plants grown at high PK fertility 
levels with and without N fertilizer were compared during the 
1984 growing season. Consistently higher concentrations of 
N, Ca, Mg, and Fe existed in the leaves, sheaths, and stalks 
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of corn plants where N fertilizer had been applied. Also, 
plants receiving N contained higher concentrations of Mn in 
the leaves, S in the leaves and sheaths, and Cu in the 
leaves and stalks than plants not receiving N. Husks only 
contained higher concentrations of N, Fe, and Cu in response 
to N fertilizer. 
These data clearly show that nutrient concentration dif­
ferences in response to N fertility were better reflected in 
the leaves than in any other plant part sampled. Leaf sheaths 
and stalks generally showed comparable differences in nutrient 
concentrations in response to N fertility. However, the data 
also showed that N fertility could influence the concentra­
tion of a certain nutrient in one of these parts but not in 
the other, as illustrated by S and Cu. Husks were relatively 
poor indicators of the nutritional status of plants compared 
to other vegetative plant parts. 
In order to evaluate the nutrient status of the plants 
in relation to the fertility levels used during the course 
of this study, the concentrations of the different nutrients 
in the ear leaves at silking were examined in reference to 
the sufficiency ranges published by Jones and Eck (1973). 
The following observations were made. The concentrations of 
N, P, and K were within their sufficiency ranges where N 
fertilizer had been applied and at the higher levels of soil 
available P and K in both experiments in 1984. In 1985, 
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however, these nutrients were below the lower limit of the 
sufficiency ranges, irrespective of the fertility level. 
Leaf S levels were also below the lower limit of the S suf­
ficiency range in 1985, regardless of whether N fertilizer 
had been applied or not. In 1984, S concentrations were also 
below the lower limit of the sufficiency range in the N-P-K 
experiment at both levels of N, and just at the lower limit 
of sufficiency in the P-K experiment. The concentrations of 
Ca, Mg, Mn, Fe, B, Cu, and Zn in the leaves were adequate 
in both experiments during the two seasons. 
It is recognized that critical nutrient concentrations 
in corn leaves at silking usually vary with variations in 
weather, plant population, hybrid, and other factors (Dumenil 
and Hanway, 1965; Voss et al., 1970). Although no attempt 
has been made in this study to relate yields to plant 
analyses, it is felt that perhaps the favorable weather con­
ditions during the 1985 season enhanced vegetative growth 
which resulted in the relatively low concentrations of N, P, 
K, and S observed in the leaves at silking. However, concen­
trations of nutrients below their established sufficiency 
ranges may in turn become limiting to further dry matter 
production and potential grain yields. This also suggests 
that the fertility levels at which these studies were con­
ducted may have been inadequate for maximizing grain yields, 
at least under favorable growth conditions. These fertility 
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levels need to be evaluated in relation to grain yields. 
The data also suggest that there may have been a need 
for S fertilization. In addition to the generally low leaf 
S levels at silking, the values of the N;S ratio in leaves 
of corn plants grown with and without N fertilizer in 1985 
(i.e., from the N-P-K experiment) were 17.3 and 16.0, re­
spectively. Reneau (1983) estimated the critical N:S ratio 
in corn leaves to be 16 and pointed out that a ratio above 
16 indicated that low S levels in the tissue may be limiting 
protein formation. 
Nutrient Contents 
The variation in the content of a certain nutrient in 
any particular plant part reflects the combined effect of 
variation in the concentration of that nutrient and in the 
dry weight of the plant part. Hence, factors influencing 
the accumulation of dry matter and the distribution of 
nutrients in corn plant parts influence the contents of 
nutrients in these parts. 
It is obvious, therefore, that the late-season decline 
in the content of nutrients, including those of restricted 
mobility, in the ear leaves during the 1984 season reflected 
the losses in leaf dry weights due to desiccation and insect 
damage rather than portrayed actual dilution and/or trans­
location of nutrients from the leaves into the developing 
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grain. Data from the 1985 season, where no such losses in 
leaf dry weight were observed, should be more reliable in 
showing nutrient accumulation in or translocation from the 
leaves during the seed-filling period. 
The contents of N, P, K, S, Mg, Mn, Cu, and Zn decreased 
and of Ca, Fe, B, and A1 increased in the ear leaves during 
the seed-filling period of 1985. Between silking and 56 DAS, 
the relative decreases in the ear leaf content of N, P, K, 
S, Mg, Mn, Cu, and Zn were 58, 59, 49, 34, 6, 9, 32, and 22%, 
respectively. During the same period, the relative increases 
in the ear leaf content of Ca, Fe, B, and A1 were 15, 28, 10, 
and 36%, respectively. These relative gains and losses in 
the ear leaf content of nutrients represented accumulation 
in or translocation from the leaves associated with the vary­
ing degrees of mobility of these elements. Similar calcula­
tions could not be made for Na because of the effect of 
irrigation water on the Na content in the leaves, as dis­
cussed earlier. 
Nutrient contents increased in the grain between 14 DAS 
and harvest in association with dry matter accumulation. 
Table 36 shows the contents of nutrients and of dry matter 
in the grain at 28 DAS relative to the total obtained at 
harvest for the P-K and N-P-K experiments in both years. 
Comparisons were made at 28 DAS because the grain was sampled 
at this stage in both years and because, as already pointed 
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Table 36. Percent content of nutrients and of dry matter 
in the grain at 28 DAS relative to the total ob 
tained at harvest for the P-K and the N-P-K 




P-K N-P-K Mean P-K N-P-K Mean 
N 74 76 75 52 48 50 
P 73 83 78 58 48 53 
K 104 102 103 97 81 89 
S 76 79 78 55 50 53 
Ca 68 70 69 56 55 56 
Mg 70 82 76 55 47 51 
Mn 84 86 85 40 60 50 
Fe 82 80 81 34 30 32 
B 80 79 80 113 100 107 
Cu 70 88 79 78 63 71 
Zn 69 79 74 48 40 44 
A1 82 79 81 46 36 41 
Na 28 63 46 50 43 47 
Dry matter 68 70 69 46 43 45 
out, remarkably similar grain dry weights were obtained at 
this stage in both years in the two experiments. The effect 
of moisture stress conditions in 1984 on limiting the dura­
tion of the effective grain-filling period is readily ap­
parent from the table, where generally higher proportions of 
final nutrient and dry matter contents had accumulated in 
the grain at 28 DAS in 1984 compared to 1985. 
Chemical analyses of whole plant parts from check plots 
of the N-P-K experiment in 1984 provided data on the amounts 
and relative proportions of nutrients in the different 
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above-ground plant parts at different stages during the 
seed-filling period. The plots sampled for that purpose had 
been in a corn-soybean rotation for many years and had not 
received N, P, or K fertilizer applications since 1975. 
In a sense, the nutrient contents in plants grown on these 
plots reflect the "native" fertility of the soil devoid of 
the effects of chemical fertilizers. However, percent re­
moval of nutrients by grain and stover should have a bearing 
on fertilization programs and nutrient balances depending on 
whether the corn is harvested for grain or silage. In­
creased fertility would increase the amounts of nutrients 
accumulated in the plants, but should not appreciably in­
fluence the distribution pattern of nutrients in the differ­
ent plant parts (Hanway, 1962b). 
Table 37 shows the contents of nutrients in corn grain 
and stover and the percent of total nutrients in the above-
ground plant parts that is in the grain harvested from these 
check plots. The values were summarized from Tables 26 and 
27. The table shows that N and P are contained in major 
proportions in the grain, S is evenly distributed between 
grain and stover, whereas the rest of the nutrients are con­
centrated in the stover. Corn grain was particularly low in 
Ca and Mn concentrations. Obviously, harvesting the grain 
only would remove considerably less nutrients than harvesting 
the entire crop for silage. It is interesting that percent 
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Table 37. The contents of nutrients in corn grain and 
stover and the percent of nutrients in the 
above-ground plant that is in the grain 




Grain nutrients as 
% of total in plant 
-kg-
N . 31 17 65 
P 6 2 75 
K 10 30 33 
S 3 3 50 
Ca 0.3 11 3 
Mg 3 12 20 
—-g---
Mn 12 133 8 
Fe 54 206 21 
B 6 20 23 
Cu 5 15 25 
Zn . 63 104 38 
^Average yield of check plots from the N-P-K experiment 
at 15.5% moisture. 
On an oven-dry basis. 
N, P, and K values in the grain at harvest were practically 
the same as those reported by Hanway (1962b). 
Increases in dry matter yield of ear leaves and grain 
in response to increased N, P, or K fertility were reflected 
in increased nutrient contents of these parts. Dry matter 
increases counterbalanced some, but not all, of the reduc­
tions in nutrient concentrations that resulted from increased 
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fertility. 
Fertilizer N and higher soil available P increased the 
contents of N and P in the ear leaves and grain. These in­
creases were associated with increases in dry matter as well 
as in nutrient concentrations of these parts. Increased K 
availability, however, resulted in higher K contents in the 
leaves but not in the grain. Apparently, the limited re­
sponse in grain yield to increased K availability and the 
absence of response in grain K composition were an outcome 
of the relatively narrow range in soil K fertility in these 
experiments. 
In addition to increasing the N content in the ear 
leaves and grain, N fertilizer also increased the contents 
of P, S, Ca, Mn, B, Cu, and Zn in the ear leaves and the 
contents of all nutrients in the grain. Increases in the 
contents of Ca and B in the ear leaves and of P, K, Ca, Mg, 
Mn, B, Cu, Zn, Al, and Na in the grain resulted from in­
creased dry matter yields, since their concentrations in the 
respective parts were not influenced by fertilizer N. On 
the other hand, increases in the contents of N, P, S, Mn, Cu, 
and Zn in the ear leaves and of N, S, and Fe in the grain 
resulted from both increased concentrations and dry weights. 
Increased P availability resulted in higher contents of 
P, N, K, Ca, Mg, and B in the ear leaves and of P, K, Ca, 
Mg, Mn, and Fe in the grain. The contents of K, Mg, and B 
258 
in the ear leaves and of K, Ca, Mg, Mn, and Fe in the grain 
were associated with increased dry weights of these parts, 
since only the concentrations of P in the ear leaves and 
grain and of N and Ca in the ear leaves increased in response 
to increased P availability. Increases in dry weights also 
counterbalanced the reduction in the concentration of Zn in 
the ear leaves and grain and of Cu in the grain which re­
sulted from increased P availability. 
It seems that the reductions in Zn concentration in the 
leaves and grain were dilution effects of increased plant 
growth in response to increased levels of soil P availability, 
especially since the contents of Zn in the leaves and grain 
were not affected by levels of soil available P. It is 
possible that the rate of dry matter accumulation increased 
faster than the rate of Zn uptake (or translocation into the 
grain) in response to increased P availability, thus result­
ing in the dilution of Zn concentration in the plant tissue. 
The small increases in ear leaf dry weight in response 
to increased K availability counterbalanced the reduction in 
the concentrations of P, S, and Fe. These reductions were 
also dilution effects of increased leaf dry weight and did 
not result from reduced uptake of these nutrients. However, 
the reductions in the concentrations of Ca, Mg, and Mn were 
not counterbalanced by increased leaf dry weight. The 
antagonistic effect of K on Ca and Mg absorption by plant 
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roots and the resultant reciprocal relationship in plants 
were well documented in the literature. Yet a similar re­
lationship has not been described for K and Mn, and it is 
not known whether the negative effect of K on Mn content in 
the ear leaves resulted from an antagonistic effect of K on 
Mn uptake and/or translocation, from a low Mn availability, 
or from other unidentified factors. 
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SUMMARY AND œNCLUSIONS 
Corn grain yields have increased dramatically during the 
last 30 years as a result of increased fertilizer usage, 
improved hybrids, higher plant densities, and other improved 
management practices. Hence, information on the growth and 
mineral nutrition at present levels of crop production should 
be useful in planning corn production practices. 
The primary objective of this work was to study the ef­
fect of different N, P, and K fertility levels on the dry 
weight and nutrient composition of com plant parts during 
the seed-filling period of plant growth. For that purpose, 
corn plant samples were collected at regular intervals be­
tween 75% silking and physiological maturity from two field 
experiments during the growing seasons of 1984 and 1985. The 
soils of the experimental site are classified as a somewhat 
poorly drained Nicollet-Webster (Aquic Hapludoll-Typic 
Haplaquoll) complex. 
The field experiments were split-plot 4x2 P-K and 
2x2x2 N-P-K factorials arranged in randomized complete 
blocks with four replications. The main plots were differ­
ent fertility levels; each split between corn and soybeans 
grown in alternate years as a corn-soybean rotation. The P 
and K fertility variables represented previously established 
levels in the soil, and no P or K fertilizer was applied 
during the course of this study. Phosphorus soil test levels 
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ranged from very low or low to very high in the P-K experi­
ment and from very low to medium in the N-P-K experiment. 
Potassium levels ranged from low to medium in both experi­
ments. In both years, urea (46-0-0) was broadcast and disked 
in just prior to planting at the rate of 160 kg of N/ha as a 
uniform treatment on all the plots of the P-K experiment and 
on the N-receiving plots of the N-P-K experiment. Hence, the 
two levels of N in the N-P-K experiment corresponded to 0 and 
160 kg/ha. The hybrids B73xMol7 and Pioneer 3475 were planted 
on May 18 and May 17 in 1984 and 1985, respectively, at an 
approximate planting rate of 74,000 seeds/ha in both years. 
Weather conditions were quite different during the crop 
growing seasons of 1984 and 1985. In 1984, higher than 
normal temperature coupled with a severe moisture deficit 
during August resulted in extreme drought conditions, which 
were intensified by a heavy field infestation with insects. 
These factors had a detrimental effect on plant population at 
harvest and crop yield. In 1985, higher than normal tempera­
ture during May, lower than normal temperature during August, 
and the use of effective insect control measures favored seed 
germination and crop yield. Sprinkler irrigation also was 
used to supplement rainfall and avoid moisture stress during 
the 1985 season. Average plant populations at harvest were 
59,000 and 69,000 plants/ha in 1984 and 1985, respectively. 
Plant components sampled from both experiments in 1984 
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consisted of primary ears, ear leaves, and ear leaf sheaths. 
The primary ears were separated into husks, shanks, silks, 
cobs, and grain. Whole-plant samples were also collected 
from the check, PK, and NPK treatments of the N-P-K experi­
ment and, based upon the position of the primary ear, were 
divided into top, middle, and bottom portions. At the last 
sampling date, husk samples from both experiments were 
arbitrarily separated into outer, middle, and inner portions. 
Sampling of both experiments in 1985 was restricted to ears 
and ear leaves, but ear components other than cobs and grain 
were discarded. Selected samples from both years were 
analyzed for N, P, K, S, Ca, Mg, Mn, Fe, B, Cu, Zn, Al, and 
Na. 
Corn grain yields for the lowest and highest fertility 
treatments in 1984 were 4120 and 8640 kg/ha for the P-K ex­
periment, and 3350 and 7280 kg/ha for the N-P-K experiment. 
In 1985, yields ranged from 7710 to 11100 kg/ha and from 
5640 to 10600 kg/ha for the P-K and N-P-K experiments, 
respectively. 
Although some of the yield differences in the two years 
may be attributed to the different hybrids used and plant 
populations obtained at harvest, the main factors causing the 
depressed yields in 1984 were a late-season moisture stress 
and insect damage, which resulted in a significant loss of 
photosynthetic area of the plants (as measured by leaf dry 
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weights) and in the leveling off of dry matter accumulation 
in the grain at 35 DAS. Significantly smaller seeds were 
mainly responsible for the lower yields and reflected the 
shorter period of effective dry matter accumulation in the 
grain during 1984. 
Nitrogen fertilizer had a dominating effect on the dry 
weight of all the plant components sampled throughout the 
seed-filling period and on grain yields obtained at harvest 
in both years. Phosphorus and K variables representing pre­
viously established levels in soil had much smaller effects 
on dry matter production. Small, yet significant, responses 
in the dry weight of some plant components due to the main 
effects of increased soil P or K levels at certain stages of 
growth often lost their significance when averaged over the 
entire seed-filling period. Furthermore, responses in dry 
matter yield of corn plant parts, including the grain, to P 
or K levels depended on the range in soil availability of 
these nutrients and on soil moisture conditions, and were 
generally more pronounced where N fertility had been adequate. 
Differences in fertility, which resulted in different 
dry weights of the various plant parts, did not influence the 
relative proportion of each part, or the pattern of dry mat­
ter accumulation in the ears. The rapid rate of increase 
in seed dry weight began at approximately 14 DAS for all 
fertility levels in both years. Under favorable conditions, 
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dry matter accumulation in the grain was almost linear for 
a major portion of the seed-filling period at all fertility 
levels. Increased yields at the higher fertility levels re­
sulted from a higher overall rate of dry matter accumulation 
throughout the seed-filling period. Under moisture stress 
conditions, however, a shortened period of rapid dry weight 
increase in the seeds at lower fertility levels resulted in 
lower yields. 
Regardless of the fertility level, the dry weight of 
vegetative plant parts and nongrain ear parts (except the 
cobs) declined after reaching a maximum, suggesting assimi­
late translocation into the developing grain. A larger 
proportion of assimilate translocation may have occurred 
under moisturfe stress conditions, but that could not be com­
pletely confirmed because some of the decline in dry weight 
was caused by insect damage. 
The concentrations of nutrients varied in different 
plant parts and at different positions on the plants, re­
flecting the varying degrees of mobility of these elements. 
Nutrient concentrations were also influenced by stages of 
plant development during the seed-filling period and by levels 
of soil and applied fertility. Of the vegetative plant parts, 
leaves generally contained the highest concentrations of 
most nutrients and best reflected the nutritional status of 
the plants, followed by the leaf sheaths and stalks. Husks 
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were relatively poor indicators of the plants' response to 
fertility. 
Leaf concentrations of N, P, K, S, Cu, and Zn decreased 
and of Ca, Fe, and A1 increased between silking and physio­
logical maturity. Variations in leaf concentrations of Mg, 
Mn, and B with time were small. The concentrations of N, P, 
K, S, B, Cu, and Zn increased and of Ca, Mg, Mn, Fe, Al, and 
Na decreased in the leaves from the bottom to the top of the 
plants. Outer husks tended to have higher concentrations of 
most nutrients than middle or inner portions. The retention 
of a larger proportion of nutrients in outer husks may have 
been associated with the photosynthetic ability of these 
parts and with terminal loading of nutrients via the trans­
piration stream. 
Fertilizer N increased the concentrations of N, P, S, 
Mn, Cu, and Zn in the leaves and of N, S, and Fe in the 
grain, but decreased the concentration of Ca in the grain 
over the seed-filling period. Higher soil P levels resulted 
in an increase in the concentrations of P, N, and Ca in the 
leaves, and of P in the grain. High levels of soil P avail­
ability, however, reduced the concentration of Zn in the 
leaves and of Zn and Cu in the grain. Increased soil K fer­
tility increased the concentration of K and decreased the 
concentrations of P, S, Ca, Mg, Mn, and Fe in the leaves, 
but did not influence the concentration of any nutrient in 
266 
the grain. Differences in nutrient concentrations resulting 
from different fertility levels generally persisted in the 
leaves throughout the seed-filling period and increased in 
the grain as it developed. 
Lower tissue concentrations of several nutrients at 
higher fertility levels were simple dilution effects of in­
creased dry matter yields. However, reduced Ca and Mg con­
centrations with increased K and Zn concentration with in­
creased P were reciprocal effects that have been fairly well 
documented. 
Extremely high levels of Na were noted in the leaves 
of corn plants which were irrigated through an overhead 
sprinkler system in 1985. Analysis of water samples from 
the irrigation source showed that leaf enrichment resulted 
from a fairly high concentration of Na in the water. How­
ever, Na concentrations in the grain were not influenced by 
the unusually high levels in the leaves. 
The concentrations of nutrients in the ear leaves at 
silking were checked against known sufficiency ranges in 
order to evaluate the nutrient status of the plants in rela­
tion to the fertility levels used in this study. This com­
parison suggested that the higher levels of N, P, and K fer­
tility utilized in 1985 might not have been adequate to 
maximize grain yields during that season, and that there 
might have been a need for S fertilization as revealed by 
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relatively wide N;S ratios in the leaves. 
Increases in dry matter yield of leaves and grain in 
response to increased N, P, or K fertility were reflected in 
increased nutrient contents of these parts (except for K in 
the grain). Dry matter increases counterbalanced some, but 
not all, of the reductions in nutrient concentrations that 
resulted from increased fertility. For example, increased 
leaf dry weights did not counterbalance the reduction in the 
leaf concentrations of Ca and Mg in response to increased 
soil K availability, suggesting reduced uptake of Ca and Mg 
at the higher K level. 
Regardless of the fertility, level, there was transloca­
tion of several nutrients out of the leaves during the seed-
filling period, presumably into the developing grain, causing 
a reduction in the leaf content of these nutrients. In 1985, 
the ear leaf content of N, P, K, S, Mg, Mn, Cu, and Zn de­
creased by 58, 59, 49, 34, 6, 9, 32, and 22%, respectively, 
between silking and physiological maturity. During the same 
period, the ear leaf content of Ca, Fe, B, and A1 increased 
by 15, 28, 10, and 36%, respectively. 
Differences in fertility did not markedly influence the 
amounts of nutrients accumulated in the grain at an early 
stage of plant development (i.e., at 14 DAS). Later in the 
season, however, different amounts of nutrients accumulated 
in the grain, generally increasing with increased fertility. 
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The grain at harvest contained approximately two-thirds, 
three-fourths, one-third, one-half, and two-fifths the total 
plant content of N, P, K, S, and Zn, respectively. The rela­
tive proportions of total plant Mg, Fe, B, and Cu that were 
in the grain ranged from one-fourth to one-fifth. Corn grain 
was particularly low in the relative proportions of Ca and 
Mn, which respectively approximated one-fiftieth and one-
tenth the total plant content of these nutrients. 
In general, it could be concluded that: 
1. The shorter period of effective dry matter accumula­
tion in the grain caused by moisture stress and in­
sect damage depressed grain yields in 1984. 
2. Increased yields at higher fertility levels either 
resulted from a higher overall rate of dry matter 
accumulation in the grain or from a longer period 
of rapid increase in grain weight, depending on soil 
moisture conditions. 
3. Nitrogen fertilizer resulted in huge increases in 
the dry weight of all plant components and in grain 
yields obtained at harvest. Responses to P and K 
levels were less pronounced and depended on their 
range of soil availability, soil moisture conditions, 
and level of N fertility. 
4. Differences in fertility did not influence the rela­
tive proportion of the different plant parts or the 
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pattern of dry matter accumulation in the ears. 
5. Changes in nutrient concentrations during the seed-
filling period varied for different elements, for 
different plant parts and positions on the plants, 
and at different fertility levels. Leaves, however, 
were the best indicators of the nutritional status 
of the plant, 
6. Increased N, P, and K fertility increased the levels 
of these nutrients in the leaves and (except for K) 
in the grain, and influenced the levels of several 
other nutrients in these parts. 
7. Nutrient concentration levels in the ear leaves at 
silking suggested that the higher levels of N, P, 
and K fertility might not have been sufficient to 
maximize grain yields in 1985, during which season, 
S fertilization might also have been needed. These 
fertility levels need to be evaluated in relation 
to grain yields. 
These findings generally support the results from pre­
vious studies on the accumulation of dry matter and nutrients 
by corn plants. In particular, they provide additional in­
formation on these changes during the grain-filling period 
and at different levels of fertility. The information should 
be useful in determining the nutrient needs of the corn crop 
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APPENDIX A 
Table Al. Treatment means for the dry weights (kg/ha) of plant parts sampled 
from the P-K experiment during the seed-filling period of 1984 
Stage (days after silking) 
Treatment R^+0 R^+14 R^+21 R^+28 R^+35 R^+42 R^+49 R^+56 Mean LSD^ 
Ear leaves 
Check 462 489 490 415 376 257 289 83 358 
Pi 549 562 545 595 483 457 362 169 453 
P2 544 659 638 523 485 429 452 382 514 
P3 593 587 558 539 507 442 471 336 504 
K 476 487 535 420 446 413 297 199 409 
PlK 523 655 589 618 526 397 397 310 502 
P2K 648 713 650 592 512 482 428 413 555 
P3K 546 642 703 585 561 501 521 364 553 
Mean 543 599 589 523 487 422 402 282 
LSD^ 59 
Ear leaf sheaths 
Check 218 233 230 204 203 179 174 170 201 
Pi 259 277 250 231 224 235 212 179 233 
P2 253 307 280 218 209 194 215 222 237 
P3 260 269 241 228 218 215 236 194 233 
K 232 248 260 201 211 222 202 193 221 
PlK 250 326 269 280 243 217 206 220 251 
P2K 286 351 305 266 229 247 227 245 270 
P3K 2 no 319 322 273 249 239 232 225 264 
Mean 251 291 270 238 223 219 213 206 
LSD^ 25 
^LSD for the comparison of stage means here and in all subsequent tables. 
^LSD for the comparison of treatment means here and in all subsequent tables. 
Table Al. (Continued) 
Stage (days after silking) 
Treatment R^+O Rl+14 R^+21 Rl+28 Rl+35 Rl+42 R^+49 R^+56 Mean LSD* 
Husks 
Check 283 695 552 429 432 358 402 377 441 58 
Pi 497 816 831 731 641 683 626 593 677 
P2 360 1029 930 757 620 647 629 638 701 
P3 373 832 791 589 576 531 668 536 612 
298 456 714 491 550 459 532 477 497 
PlK 395 1033 795 749 659 548 615 634 679 
P2K 288 1179 969 843 653 727 676 795 766 
P3K 252 1050 962 836 698 718 644 632 724 
Mean 343 886 818 678 604 584 599 585 
LSD^ 143 
Shanks 
Check 39 124 118 96 96 77 87 76 89 12 
Pi 75 136 174 161 133 122 109 107 127 
P2 59 175 185 165 135 132 127 127 138 
P3 64 147 163 133 121 100 127 105 120 
K 44 74 140 115 129 107 101 96 101 
PlK 65 169 163 179 146 116 121 128 136 
P2K 43 194 174 184 152 153 137 165 150 
P3K 33 157 172 188 161 140 130 120 138 
Mean 53 147 161 153 134 118 117 116 
LSD^ 31 
Table Al. (Continued) 
Stage (days after silking) 
Treatment *1+0 Rj^+14 Rl+21 R^+28 R^+35 R^+42 R^+49 R^+56 Mean LSD^ 
Silks 
Check 71 79 61 49 35 33 32 30 49 5 
Pi 89 86 64 51 35 37 37 33 54 
P2 68 97 75 52 36 32 34 36 54 
P3 76 79 59 43 34 34 37 30 49 
75 73 82 48 38 35 36 36 53 
PlK 77 109 77 75 44 39 37 44 63 
P2K 70 115 90 70 48 40 39 41 64 
P3K 59 103 94 • 70 52 45 39 38 63 











165 991 1043 915 968 822 822 843 821 
290 1136 1351 . 1264 1219 1281 1086 1179 1101 
130 1255 1302 1176 1080 1175 977 1223 1040 
147 1057 1125 1051 1097 1059 1093 1176 976 
142 866 1397 1003 1207 1164 1059 1186 1003 
171 1380 1378 1578 1505 1294 1165 1480 1244 
89 1480 1355 1432 1268 1518 1160 1588 1236 
67 1361 1476 1446 1506 1512 1196 1414 1247 
150 1191 1303 1233 1231 1228 1070 1261 
163 
80 
Table Al. (Continued) 
Stage (days after silking) 
Treatment !l+0 R^+14 Rj^+21 R^+28 Rl+35 R^+42 R^+49 R^+56 Mean 
Grain 
0 771 1988 2297 3647 2900 3825 3078 2313 
0 857 2921 4078 4590 5199 5343 4785 3417 
0 987 2445 3850 4279 4611 5472 5057 3338 
0 806 2177 3318 4245 4342 5682 4967 3192 
0 381 2122 2436 4298 4093 4983 4503 2852 
0 994 2493 5178 5760 5168 6045 6165 3975 
0 783 2028 4019 . 4957 6418 6386 7399 3999 
0 636 2199 4387 5329 6736 6469 6706 4058 
0 777 2297 3695 4638 4933 5526 5333 
704 
Whole ear^ 
557 2660 3762 3786 5177 4190 5169 4403 3713 
951 3032 5341 6284 6618 7322 7201 6697 5431 
617 3544 4937 6001 6150 6597 7239 7081 5271 
661 2921 4315 5134 6073 6066 7606 6815 4949 
558 1849 4455 4094 6222 5857 6711 6298 4506 
708 3685 4905 7760 8114 7165 7982 8451 6096 
490 3751 4616 6548 7078 8857 8397 9988 6216 
410 3307 4903 6928 7746 9152 8479 8911 6229 


















^Sum of husks, shanks, silks, cobs, and grain. 
Table A2. Mean squares from the analysis of variance for the dry weights of plant parts 
sanpled from the P-K experiment during the seed-filling period of 1984 
Source of Ear Ear leaf Whole 
variation df leaves^ sheath^ Shanks^ Silks^ Husks^ Cobs° Grain ear^ 
Rep 3 4.30* 0.40 0.12 0.35 0.23 1.36 2.96 4.74 
P 3 31.24** 2.31** 2.83** 0.91* 8.59** 8.76** 19.10** 40.81** 
K 1 14.45** 4.09** 1.00 5.43** 2.20 25.13** 26.41** 54.27** 
P*K 3 0.03 0.09 0.02 0.24 0.33 0.46 0.43 1.13 
Error (a) 21 1.27 0.24 0.36 0.20 0.75 0.99 1.83 3.68 
Stage (St) 7 36.80** 2.85** 3.68** 15.56** 8.73** 46.99** 145.75** 183.59** 
P*St 21 0.76 0.12* 0.10* 0.23** 0.35** 0.57** 1.78** 2.43** 
K*St 7 0.42 0.14 0.17** 0.59** 0.26 1.20** 3.99** 5.47** 
P*K*St 21 0.69 0.09 0.08 0.15* 0.24* 0.34 0.46 0.89 
Error (b) 168 0.54 0.07 0.06 0.09 0.14 0.27 0.45 0.82 
10^ for actual mean squares. 
^x 10^ for actual mean squares, 
c 5 
X 10 for actual mean squares. 
10^ for actual mean squares. 
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Table A3. Treatment means for the N, P, S, Ca, and Mg 
concentrations (%) of ear leaves sampled from the 
P-K experiment during the seed-filling period 
of 1984 
Treat- Stage (days after silking) 
ment R^ +0 R^ +14 R^ +28 R^ +42 R^ +56 Mean LSD 
N 
Check 2.68 2.04 1.43 1.24 1. 35 1.75 
Pi 2.99 2.52 1.77 1.43 1. 18 1.98 
2^ 3.19 2.46 2.02 1.60 1.50 2.15 
P3 3.01 2.47 1.96 1.62 1.44 2.10 
K 2.70 2.09 1.54 1.35 1.06 1.75 
PlK 3.16 2.29 1.58 1.35 1.07 1.89 
P2K 2.79 2.42 1.94 1.44 1. 27 1.97 
P3K 3.05 2.28 1.98 1.42 1. 10 1.96 
Mean 2.95 2.32 1.78 1.43 1. 24 
LSD 0.26 
•p 
Check 0.27 0.20 
r 
0.14 0.14 0.07 0.16 
Pi 0.30 0.21 0.14 0.11 0.09 0.17 
P2 0.35 0.29 0.25 0.20 0. 19 0.26 
P3 0.37 0.32 0.24 0.20 0.21 0.27 
K 0.19 0.15 0.09 0.06 0.04 0.11 
PlK 0.24 0.22 0.12 0.09 0.06 0.15 
PoK 0.28 0.26 0.22 0.15 0.14 0.21 
P3K 0.29 0.27 0.21 0.16 0.14 0.21 
Mean 0.28 0.24 0.18 0.14 0.12 
LSD 0.05 
K 
Check 1.16 1.02 1.02 0.74 0.68 0.93 
Pi 1.07 1.00 0.99 0.67 0.53 0.85 
P2 0.59 0.75 0.69 0.53 0.41 0.60 
P 3  0.92 0.90 0.72 0.50 0.42 0.69 
K^  1.96 2.04 1.95 0 .  38 0.90 1.64 
PlK 1.85 2.15 2.03 1.65 1.10 1.76 
PoK 1.75 1.83 2.10 1.93 1.53 1.83 
P3K 1.92 2.21 2.13 2.00 1.54 1.96 
Mean 1.40 1.49 1.56 1.17 0. 89 
LSD 0.49 
0.10 
0 .02  
0.11 
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Table A3. (Continued) 
Treat- — Stage (days after silking) 
ment R,+0 R,+14 R,+28 R,+42 R,+56 Mean LSD 














Bi . i l l l
S 
0.22 0.19 0.16 0.14 0.12 0.16 
0.23 0.21 0.18 0.16 0. 14 0.18 
0.21 0.20 0.17 0.14 0.14 0.17 
0.23 0.20 0.16 0.14 0.13 0.17 
0.23 0.19 0.15 0.13 0. 11 0.16 
0.21 0.20 O.o7 0.14 0. 12 0.17 
0.22 0.18 0.16 0.13 0.11 0.16 
0.22 0.19 0.16 0.14 0. 13 
0.02 
0.96 0.97 1.24 1.22 1.03 1.09 
0.89 1.05 1.40 1.27 1. 33 1.19 
0.87 1.02 1.33 1.21 1.44 1.17 
0.56 0.71 0.80 0.74 0.74 0.71 
0.59 0.85 0.92 0.93 0.92 0.84 
0.64 0.92 0.98 1.07 1. 14 0.95 
0.64 0.85 0.91 1.04 1.10 0.91 
0.75 0.90 1.08 1.05 1.09 
0.16 
Mg 
Check 0.75 0.74 0.78 0.66 0.72 0.73 
Pi 0.86 0.82 0.90 0.88 0.68 0. 83 
P2 0.93 1.02 1.25 1.06 1. 14 1.08 
P3 0. 88 1.00 1.17 1.05 1.27 1.07 
K 0.36 0. 37 0.38 0.35 0. 35 0. 36 
PlK 0.40 0.43 0.43 0.43 0.42 0.42 
P2K 0.42 0.49 0.44 0.43 0.43 0.44 
P3K 0.38 0.38 0. 33 0.37 0. 38 0. 37 
Mean 0.62 0.66 0.71 0.65 0. 67 
LSD 0.31 
0 . 0 6  
Table A4. Mean squares from the analysis of variance for the N, P, K, S, Ca, and 
Mg concentrations (%) of ear leaves sampled from the P-K experiment 
during the seed-filling period of 1984 
Source of 
variation df^  p^  Ca^  Mg^  
Rep 2 (3) 0, 36 1. ,11 1. ,09 0. ,05 4. ,93 2. ,01 
P 3 8. ,07** 75. ,53** 0. ,74 0. ,79 37. ,33** 2. ,80 
K 1 4. 14 5. ,81** 319. ,20** 0. ,64 174. ,97** 84. ,11** 
P*K 3 0. ,63 0. ,20 5. ,29 0. ,69 0. ,28 2. ,14 
Error (a) 14 (21) 1. ,55 0. ,39 3. ,96 0. ,76 4. ,42 1. ,58 
Stage (St) 4 153. ,89** 11. ,56** 15. ,18** 33. ,52** 52. ,17** 0. ,24 
P*St 12 0. ,83* 0. ,10 0. ,79* 0. ,22 3. ,09** 0. ,15 
K*St 4 0. ,55 0. ,16 2. ,03** 0. ,28 3. ,95** 0. ,28 
P*K*St 12 0. ,47 0. 04 0. 43 0. ,07 0. ,91 0. ,15 
Error (b) 64 (96) 0. ,41 0. ,13 0. ,35 0. ,13 0. ,73 0. ,13 
D^egrees of freedom values within parentheses apply for N where four replica­
tions were analyzed, error (b) source of variation for S has 63 df due to a 
missing value. 
x^ 10" 1 for actual mean squares. 
x^ 10" 2 for actual mean squares. 
x^ 10" 3 for actual mean squares. 
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Table A5. Treatment means for the Mn, Fe, B, Cu, Zn, Al, 
and Na concentrations (u,g/g) of corn ear leaves 
sampled from the P-K experiment during the seed-
filling period of 1984. 
Treat­
ment R^ +0 
Stage (days after silking) 
Rl+14 R^ +28 R^ +42 Rj_+54 Mean LSD 
Mn 
Check 57 48 66 59 71 60 
Pi 88 61 71 66 61 70 
P2 68 66 73 68 64 68 
P3 60 72 75 59 75 68 
K 62 67 65 55 53 59 
PlK 63 66 63 67 75 67 
PoK 40 50 53 54 51 50 
P3K 39 47 45 52 49 46 
Mean 60 59 64 60 62 
LSD 27 
Fe 
Check 160 193 200 88 340 196 
Pi 344 220 203 109 220 219 
P2 161 201 232 94 169 171 
Pi 149 213 224 95 206 177 
231 230 215 126 224 205 
PlK 148 231 236 218 185 204 
P2K 139 186 219 272 272 218 
P3K 139 200 130 270 234 195 
Mean 184 209 . 208 159 231 
LSD 35 
B 
Check 8.3 11.0 13. 3 10.0 13.0 11.1 
Pi 8.3 10.3 10.0 8.3 917 9.3 
P2 7.7 10.7 10.3 8.0 9.0 9.1 
P 3  8.0 10.0 10.7 7.0 9.3 9.0 
K 10. 3 12.3 14.0 9.7 10.0 11.3 
PlK 8.7 12.0 11.3 8.7 12.3 10.6 
P2K 7.3 11.0 11.3 9.3 11.0 10.0 
P3K 7.0 10.3 11.0 8.7 10.7 9.5 





Table A5. (Continued) 
Treat­
ment R^ +0 
Stage (days after silking) 
R^ +14 R^ +28 R^ +42 R^ +56 Mean LSD 
Cu 
Check 9.3 7.7 7.7 6.0 7.0 7.5 
Pi 11.7 8.3 9.0 6.7 6.7 8.5 
P2 8.7 8.3 8.7 6.3 7.0 7.8 
P3 8.0 7.0 7.7 5.0 7.7 7.1 
K 10.7 9.7 9.3 6.7 7.0 8.7 
PlK 12.0 10.7 9.3 9.0 7.7 9.7 
P2K 8.7 9.3 9.3 8.0 8.7 8.8 
P3K 9.3 8.7 7.0 7.7 8.0 8.1 




Check 43 41 43 43 51 44 
Pi 45 40 30 24 25 33 
P2 41 39 32 26 26 33 
P3 38 36 27 20 22 29 
K 48 50 54 48 41 48 
PlK 45 43 31 32 28 36 
P?K 33 32 26 21 18 26 
P3K 32 26 19 18 12 21 
Mean 41 38 33 29 28 
LSD 11 
Check 62 126 148 111 257 141 
Pi 178 136 139 98 153 140 
P2 80 122 160 81 146 118 
P3 68 127 160 90 162 121 
K 122 146 161 157 206 158 
PlK 69 148 195 165 175 151 
P2K 69 108 148 198 259 156 
P3K 61 126 98 211 2 30 145 





Table A5. (Continued) . 
Treat- — Stage (days after silking) 
ment R^ +0 R^ +14 E^ +28 K^ +42 R^ +56 Mean LSD 
Na 






22.0 16.7 11.3 9.3 14.0 14.7 
12.3 17.0 10.0 8.7 10.0 11.6 
17.0 16.0 8.3 9.0 12.0 12.5 
27.3 11.3 16.3 10.7 12.0 15.5 
14.7 12.0 12.0 12.7 18.7 14.0 
15.3 11.0 12.0 14.3 13.7 13.3 
15.7 12.3 10.0 13. 3 14.7 13.2 
17.3 13.8 11.3 10.8 15.5 
2.9 
Table A6. Mean squares from the analysis of variance for the Mn, Fe, B, Cu, Zn, 
Al, and Na concentrations (|ag/g) of ear leaves sampled from the P-K 
experiment during the seed-filling period of 1984 
Source of 
variation df^  Mn^  Fe*^  B Cu Zn^  Al*^  Na® 
Rep 2 6. ,96* 2. ,19** 3. ,33 5. ,28 3. ,21 1. ,73** 0. ,92 
P 3 0. ,73 0. ,35 21. ,67** 11. ,68 25. ,07** 0. 18 5. ,31* 
K 1 3. ,74 0. ,60 14. ,70** 37. ,41 0. ,99 1. ,49** 0. ,91 
P*K 3 0. ,80 0. ,49 1. ,74 0. ,10 2. ,74 0. ,12 0. ,69 
Error (a) 14 1. ,22 0. ,20 1. ,66 9. ,59 1. ,87 0. ,13 1. ,33 
Stage (St) 4 0. ,12 1. ,82** 50. ,63** 30. ,30** 7. ,39** 3. ,92** 17. ,98** 
P*St 12 0. 12 0. ,72** 1. ,38 3. ,27** 1. ,00** 0. ,20 2. ,63** 
K*St 4 0. 14 2. 47** 0. 41 2. ,35 0. ,48 1. ,04** 6. ,79** 
P*K*St 12 0. ,18 0. ,98** 3. ,20* 1. ,12 0. ,29 0. ,49* 7. ,02** 
Error (b) 64 0. ,14 0. ,23 1. ,38 1. ,30 0. ,21 0. ,22 1. ,03 
E^rror (b) source of variation for Al has 63 df due to a missing value. 
10^ for actual mean squares. 
c 4 X 10 for actual mean squares. 
"^ x 10^  for actual mean squares. 
0 
X 10 for actual mean squares. 
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Table A7. Treatment means for the N, P, K, S, Ca, and Mg 
concentrations (%) of grain sampled from the P-K 
experiment during the seed-filling period and at 
harvest of 19.84 
Treat- Stage (days after silking) 






















2.54 1.91 1.76 1.62 1. 65 1.90 
2.56 1.64 1.63 1.56 1. 48 1.77 
2.61 1.73 1.56 1.67 1. 54 1.82 
2.48 1.71 1.66 1.59 1. 49 1.79 
3.05 1.92 1.80 1.61 1. 60 2.00 
2.66 1. 81 1.64 1.57 1. 57 1. 85 
2.78 1.90 1.53 1.52 1. 44 1.83 
2.84 1.82 1.55 1.49 1. 37 1.81 
2.69 1.80 1.64 1.58 1. 52 
0.15 
P 
0.35 0.26 0.22 0.21 0. 20 0.25 
0. 31 0.27 0.23 0.24 0. 21 0.25 
0.34 0.30 0.25 0.26 0. 25 0.28 
0.30 0.30 0.26 0.26 0. 24 0.27 
0.30 0.17 0.15 0.14 0. 13 0.18 
0.30 0.19 0.22 0.17 0. 18 0.21 
0. 39 0.31 0.27 0.25 0. 24 0.29 
0.40 0.30 0.26 0.25 0. 24 0.29 
0.34 0.26 0.23 0.22 0. 21 
0.05 
K 
1.24 0.73 0.58 0.46 0. 36 0.67 
1.01 0.70 0.53 0.46 0. 36 0.61 
1.03 0.76 0.52. 0.48 0. 35 0.63 
0.95 0.76 0.54 0.47 0. 35 0.62 
1. 32 0.64 0.51 0.42 0. 32 0.64 
1.07 0.61 0.52 0.42 0. 35 0.60 
1.34 0.90 0.62 0.49 0. 36 0.74 
1.37 0.85 0.58 0.48 0. 37 0.73 
1.17 0.74 0.55 0.46 0. 35 
0.14 
0.10 
0 . 0 2  
0 .06  
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Table A7. (Continued) 
Treat- Stage (days after silking) 


















0.20 0.15 0.14 0.13 0. 12 0.15 
0.19 0.15 0.13 0.13 0. 12 0.14 
0.22 0.16 0.14 0.14 0. 13 0.16 
0.20 0.15 0.14 0.14 0. 13 0.15 
0.20 0.14 0.15 0.13 0. 13 0.15 
0.19 0.14 0.13 0.10 0. 12 0.14 
0.21 0.15 0.14 0.12 0. 11 0.15 
0.21 0.15 0.13 0.12 0. 11 0.14 
0.20 0.15 0.14 0.13 0. 12 
0.01 
Ça 
0.04 0.01 0.01 0.01 0. 01 0.02 
0.03 0.01 0.01 0.01 0. 01 0.01 
0.04 0.01 0.01 0.01 0. 01 0.02 
0.02 0.01 0.01 0.01 0. 01 0.01 
0.04 0.01 0.01 0.01 0. 01 0.02 
0.03 0.01 0.01 0.01 0. 01 0.01 
0.04 0.02 0.01 0.01 0. 01 0.02 
0.04 0.02 0.01 0.01 0. 01 0.02 
0.04 0.01 0.01 0.01 0. 01 
0.01 
Mg 
0.17 0.12 0.10 0.10 0. 10 0.12 
0.14 0.11 0.10 0.10 0. 10 0.11 
0.15 0.12 0.10 0.11 0. 11 0.12 
0.12 0.12 0.11 0.10 0. 10 0.11 
0.16 0.09 0.09 0.08 0. 08 0.10 
0.13 0.09 0.10 0.09 0. 09 0.10 
0.15 0.12 0.11 0.10 0. 10 0.12 
0.16 0.11 0.10 0.10 0. 10 0.12 





Table A8. Mean squares from the analysis of variance for the N, P, K, S, Ca, and 
Mg concentrations (%) of grain sampled from the P-K experiment during 
the seed-filling period and at harvest of 1984 
Source of 
variation df^  P^  S^  Ca® Mg^  
Rep 2 (3) 0. ,14 1. ,34 0. ,35 0. ,30 0. ,63 1. ,17 
P 3 1. ,88* 3. 92** 0. ,40 0. ,73** 1. ,22 0. ,82 
K 1 1. ,14 1. ,39 0. ,61 0. ,96* 0. ,13 1. ,02 
P*K 3 0. ,18 1. ,34 0. ,48 0. ,14 1. ,00 0. ,79 
Error (a) 14 (21) 0. ,52 0. ,45 0. ,30 0. ,13 1. ,25 0. ,46 
Stage (St) 4 75. ,12** 6. ,12** 24, 71** 25. ,42** 31. ,22** 12. ,26** 
P*St 12 0. 15 0. 08 0. ,18 0. 10 1. 02 0. 40 
K*St 4 1. ,70** 0. ,38* 0. ,55** 0. ,31* 0. ,11 0. 32 
P*K*St 12 0. 25 0. ,07 0. ,07 0. ,09 0. ,42 0. ,15 
Error (b) 64 (96) 0. ,39 0. ,11 0. ,13 0. ,12 0. ,73 0. ,32 
D^egrees of freedom values within parentheses apply for N where four replica­
tions were analyzed. 
10" 1 for actual mean squares 
x^ 10" 2 for actual mean squares 
x^ 10" 3 for actual mean squares 
®x 10" 4 for actual mean squares 
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Table A9. Treatment means for the Mn, Fe, B, Cu, Zn, Al, 
and Na concentrations (|ig/g) of grain sampled from 
the P-K experiment during the seed-filling period 
and at harvest of 1984 
Treat- Stage (days after silking) 





















10.3 7.0 5.3 5.7 4.3 6.5 
8.0 6.0 5.0 4.7 4.3 5.6 
8.7 7.0 5.3 5.0 5.7 6.3 
7.3 6.3 6.0 4.7 4.7 5.8 
13.3 7.0 5.7 4.3 4.3 6.9 
10.0 6.3 5.7 4.3 4.7 6.2 
13.7 7.0 6.3 4.7 4.3 7.2 
12.3 6.7 5.7 4.7 4.0 6.7 
10.5 6.7 5.6 4.8 4.5 
1.2 
Fe 
24.7 27.0 22.7 27.3 21.6 24.7 
21.7 26.0 29.0 25.3 21.0 ,24.6 
31.7 24.7 28.0 29.7 24.3 27.6 
21.3 23.0 26.0 25.0 22.5 23.6 
27.0 23.3 33.3 27.7 23.0 26.9 
27.3 18.7 26.0 28.0 22.7 24.4 
31.0 21.3 23.0 25.3 21.3 24.4 
52.7 25.3 34.0 27.7 21.7 32. 3 
29.7 23.7 27.8 27.0 22.3 
5.9 
B 
8.3 4.0 3.0 3.0 2.3 4.1 
6.3 4.3 3.3 3.0 4.0 4.2 
6.7 4.7 3.0 2.7 2.3 3.9 
5.3 3.3 2.7 2.3 2.0 3.1 
6.7 4.7 3.0 3.7 2.7 4.1 
6.7 4.3 3.0 3.0 3.0 4.0 
7.0 5.0 3.3 3.0 2.7 4.2 
6.7 4.7 3.0 3.0 2.3 3.9 
6.7 4.4 3.0 3.0 2.7 
0.7 
Cu 
4.3 3.0 2.3 2.0 2.0 2.7 






Table A9. (Continued) 
Stage (days after silking) 
Treat­
ment R^ +14 R^ +21 R^ +28 Rl+35 Harvest Mean LSD 
P2 4.7 2.7 1.7 1.3 1.7 2.4 
P3 3.7 2.3 1.3 1.3 1.3 2.0 
4.7 2.3 2.0 2.0 2.0 2.6 
PlK 4.0 2.0 2.3 1.3 2.0 2.3 
P2K 4.7 2.7 2.0 1.3 2.0 2.5 
P3K 4.3 2.7 1.3 1.0 2.0 2.3 
Mean 4.3 2.5 1.9 1.4 1.8 
LSD 0.5 
Zn 
Check 37.0 29.3 24.0 24.0 24.3 27.7 2.0 
Pi 30.0 25.0 25.3 22.0 24.0 24.9 
P2 33.0 28.0 23.0 24.0 23.3 26.3 
P3 28.0 25.7 23.0 22.0 22.0 24.1 
39.7 26.3 24.3 22.7 23.7 27.3 
PlK 30.3 21.3 22.7 20.7 22.0 23.4 
P2K 37.7 25.7 22.0 20.3 20.7 25.3 
P3K 36.0 23.3 20.0 20.0 20.3 23.9 
Mean 34.0 25.6 22.8 22.0 22.5 
LSD 3.5 
Check 39.7 12.0 9.0 8.3 15.3 16.9 4.3 
Pi 33.3 12.7 14.7 10. 3 13.3 16.9 
P2 14.0 16.7 14.3 9.3 10.0 12.9 
P3 13.7 16.0 14.7 12.7 9.0 13.2 
K 28.3 13.3 10.3 7.7 10.7 14.1 
PlK 19.0 16.3 13.0 7.3 9.3 13.0 
P2K 22.3 10.7 11.7 7.7 7.7 12.0 
P3K 17.0 8.7 10.7 7.7 8.7 10.5 
Mean 23.4 13.3 12.3 8.9 10.5 
LSD 5.5 
Na 
Check 8.7 2.0 2.7 2.0 6.3 4.3 0.6 
Pi 6.0 2.0 2.3 2.0 5.7 3.6 
P2 10.7 2.7 2.0 2.3 5.0 4.5 
P3 8.3 2.0 2.0 2.0 5.0 3.9 
K 6.7 2.0 2.0 2.0 5.0 3.5 
PlK 3.0 2.0 2.0 2.0 4.7 2.7 
P2K 3.0 2.3 2.0 2.0 4.7 2.8 
P3K 4.0 2.0 2.0 2.0 5.7 3.1 
Mean 6.3 2.1 2.1 2.0 5.3 
LSD 0.7 
Table AlO. Mean squares from the analysis of variance for the Mn, Fe, B, Cu, Zn, 
Al, and Na concentrations (jag/g) of grain sampled from the P-K experi­
ment during the seed-filling period and at harvest of 1984 
Source of 
variation df^  Mn^  m 0
 
B Cu Zn^  
0 H 
<
 Na^  
Rep 2 1. ,02* 0. ,07 1. ,58 1. ,41 0. ,09 0. ,41 0. ,30 
P 3 0. ,52 0. ,64 2. ,37 1. ,82* 0. ,82* 0. ,96 0. ,31* 
K 1 1. ,40* 1. ,01 1. ,63 0. 53 0. ,18 1. 95 3. ,20** 
P*K . 3 0. 04 1. ,85 1. ,43 0. ,27 0. ,03 0. 12 0. ,17 
Error ( a) 14 0. ,25 0. ,57 0. ,79 0. ,48 0. ,20 0. ,49 0. ,09 
Stage (St) 4 13. ,99** 2. ,21** 67. ,47** 29. ,90** 6. ,01** 7. 80** 10. ,05** 
P*St 12 0. ,17 0. ,46 0. ,84* 0. ,43 0. ,12 0. 96 0. ,23 
K*St 4 1. 85** 1. ,38** 0. ,38 0. ,22 0. ,44** 0. 03 1. ,96** 
P*K*St 12 0. 12 0. 64 0. ,60 0. ,12 0. 05 0. ,58 0. ,22 
Error (b) 64 0. 17 0. ,38 0. ,43 0. ,41 0. ,12 0. ,55 0. ,13 
E^rror (b) source of variation for Fe has 61 df due to three missing values. 
10 for actual mean squares. 
c 2 X 10 for actual mean squares. 
Table All. Treatment means for the N, P, K, S, Ca, and Mg concentrations (%) of 
the outer (0), middle (M), and inner (I) husks sampled from the P-K 
experiment at 56 days after silking in 1984 
Treatment 
Position Check Pi 2^ 3^ K PlK P2K P3K Mean LSD 
0 0. 56 0. 54 0. ,59 0. ,63 
N 
0. 39 0. ,52 0. 48 0. ,41 0. 52 0.20 
M 0. 48 0, .43 0. ,50 0. ,53 0. 31 0. ,35 0. 32 0. ,40 0. 42 
I 0. 56 0. 43 0. ,46 0. ,52 0. ,44 0. ,35 0. 43 0. 36 0. 44 
Mean 0. 53 0. 47 0. ,52 0. ,56 0. ,38 0. ,41 0. ,41 0. ,39 
LSD 0. 04 
T) 
0 0. 04 0. ,03 0. 05 0. ,05 
XT 
0. ,03 0. 03 0, ,06 0. ,05 0. 04 0.02 
M 0. 05 0. ,03 0. 04 0. 04 0. ,02 0. 03 0. ,03 0. ,04 0. 04 
I 0. 06 0. ,04 0. 06 0. 05 0. ,03 0. 03 0. ,04 0. ,03 0. 04 
Mean 0. 05 0. ,03 0. 05 0. 05 0. ,03 0. ,03 0. ,04 0. ,04 
LSD 0. 01 
K 
0 0. ,43 0. ,36 0. 39 0. 38 0. ,73 0. ,59 0. ,56 0. ,63 0. ,51 
M 0. ,39 0. ,34 0. 33 0, ,36 0. ,63 0. ,62 0. ,58 0. 69 0. ,49 
I 0. ,45 0. ,26 0. 37 0. 32 0. ,56 0. ,57 0. ,43 0. ,50 0. ,42 
Mean 0. ,42 0. ,32 0. 33 0. 35 0. ,64 0. ,59 0. ,52 0. ,61 
LSD 0. ,04 
0 
0 0. ,06 0. ,05 0. 05 0. 05 
0 
0. ,05 0. ,05 0. ,05 0. ,05 0. ,05 
M 0. ,06 0. ,04 0. 04 0, 04 0. ,04 0. ,04 0. ,03 0. ,03 0. ,04 
I 0. ,06 0. ,04 0. ,04 0. 04 0. ,05 0. ,04 0. ,03 0. ,03 0. ,04 
Mean 0. ,06 0. ,04 0. 04 0. ,04 0. ,05 0. ,04 0, 04 0. ,04 
LSD 0. ,00 
0.12 
0.01 
Table All. (Continued) 
Treatment 
Position Check P3 K P^ K P^ K P^ K Mean LSD 
Ca 
0 0.14 0.14 0.16 0.17 0.20 0.17 0.20 0.17 0.17 
M 0.14 0.14 0.15 0.15 0.14 0.12 0.14 0.12 0.14 
I 0.20 0.19 0.21 0.18 0.14 0.13 0.15 0.13 0.17 
Mean 0.16 0.16 0.17 0.17 0.16 0.14 0.16 0.14 
LSD 0.01 
Mq 
0 0.16 0.15 0.15 0.15 0.15 0.13 0.14 0.11 0.14 
M 0.17 0.15 0.14 0.14 0.14 0.12 0.11 0.10 0.13 
I 0.19 0.18 0.20 0.17 0.14 0.12 0.12 0.10 0.15 
Mean 0.17 0.16 0.16 0.15 0.14 0.12 0.12 0.10 
LSD 0.01 
Table À12. Mean squares from the analysis of variance for the N, P, K, S, Ca, and 
Mg concentrations (%) of outer, middle, and inner husks sampled from 
the P-K experiment at 56 days after silking in 1984 
Source of 
variation df^  p(^  Kb Sd Ca^  Mg^  
Rep 3 (2) 2.11 0.17 1.46 0.18 • 0.09 1.01 
P 3 0.63 1.10 4.62 7.94* 1.96* 3.43** 
K 1 34.44* 3.01* 129.23** 8.68 3.47* 34.99** 
P*K 3 1.50 0.46 0.68 1.16 0.86 0.69 
Error (a) 21 (14) 5.49 0.39 1.84 2.02 0.56 0.54 
Position 
(Pos) 2 8.71** 0.49 7.03** 10.76** 10.15** 3.23** 
P*Pos 6 1.30 0.19 0.76 1.08* 0.29 0.15 
K*Pos 2 0.41 0.75 1.11 0.10 17.58** 4.47** 
P*K*Pos 6 0.55 0.06 0.78 0.30 0. 37 0.19 
Error (b) 48 (32) 0.71 0.41 0.75 0.33 0.19 0.36 
D^egrees of freedom values within parentheses apply for S where three repli­
cations were analyzed. Error (b) source of variation for P, K, Ca, and Mg has 
47 df due to a missing value. 
10" 2 for actual mean squares. 
x^ 10" 3 for actual mean squares. 
x^ 10" 4 for actual mean squares. 
Table A13. Treatment means for the Mn, Fe, B, Cu, Zn, Al, and Na concentrations 
(|Lig/g) of the outer, middle, and inner husks sampled from the P-K 
experiment at 56 days after silking in 1984 
Treatment 
Position Check Pi 2^ 3^ K PlK P^ K P3K Mean LSD 
Mn 
0 32 31 30 29 21 22 19 17 25 11 
M 35 28 26 24 14 13 10 11 22 
I 39 32 49 43 14 12 12 10 26 
Mean 39 30 35 32 16 16 14 13 
LSD 7 
Fe 
0 32 40 33 39 63 56 61 79 50 27 
M 25 33 21 25 42 61 37 56 38 
I 60 52 53 36 39 31 39 62 47 
Mean 39 42 36 33 48 49 46 66 
LSD 15 
B 
0 4.8 4.5 4.8 4.5 6. 8 6.0 5.8 5.3 5.3 
00 d
 
M 4.5 4. 3 3.8 4.0 5.0 4.3 4.3 4.5 4.3 
I 5.3 5.3 5.3 4.8 5.0 4.5 4.3 4.0 4.8 
Mean 4.9 4.7 4.6 4.4 5.6 4.9 4.8 4.6 
LSD 0.3 
Cu 
0 1.9 1.8 2.0 2.0 3.3 4.0 1.8 1.8 2.3 1.2 
M 1.6 1.5 1.5 1.7 2.3 3.8 2.0 1.3 2.0 
I 2.1 1.1 1.8 1.5 1.8 3.5 1.0 0.9 1.7 
Mean 1.9 1.5 1.8 1.7 2.5 3.8 1.6 1.3 
LSD 0.3 
Table Al3. (Continued) 
Treatment 
Position Check 1^ 2^ 3^ K PlK P2K P3K Mean LSD 
Zn 
o 17.3 6.5 6.3 7.5 21.3 12.3 7.3 5.3 10.5 4.8 
M 18.8 7.8 6.3 5.3 14.5 9.8 4.8 4.8 9.0 
I 22.8 9.3 7.8 6. 8 15.3 11. 3 4.3 4.3 10.2 
Mean 19.6 7.9 6.8 6.5 17.0 11.1 5.5 4.8 
LSD 1.9 
0 38 47 39 46 84 82 85 117 67 37 
M 37 34 23 29 55 88 51 84 50 
I 76 65 66 40 49 55 74 94 65 
Mean 50 49 43 38 63 75 70 98 
LSD 19 
Na 
0 9.0 6.0 7.3 7.0 12.3 12.0 12.3 17.3 10.4 4.6 
M 10.8 8.8 7.0 7.7 9.5 11.3 12.0 15.0 10.3 
I 6.8 5.3 7.8 9.8 11.5 13.5 12.5 15.5 10.3 
Mean 8.9 6.7 7.4 8.2 11.1 12.3 12.3 15.9 
LSD 1.5 
Table A14, Mean squares from the analysis of variance for the Mn, Fe, B, Cu, Zn, 
Al, and Na concentrations (jig/g) of outer, middle, and inner husks 
sampled from the P-K experiment at 56 days after silking in 1984 
Source of 
variation df^  Mn^  Fe^  B Cu Zn"^  Na® 
Rep 3 0. ,01 0. ,26 0. ,30 3. ,35 0. ,25 0. 06 2. ,60 
P 3 0. ,14 0. ,39 2. 09 6. ,01* 8. 16** 0. 09 3. ,67 
K 1 9, 22** 4. ,94* 2. ,56 7. ,91 0. ,10 2. 27** 61. ,62** 
P*K 3 0. ,09 0. ,76 0. ,49 8. ,82* 0. ,42 0. ,23 3. ,02 
Error (a) 21 0. ,16 1. ,03 0. ,86 1. ,95 0. ,32 0. ,19 2. ,88 
Position (Pos) 2 0. ,14 1. , 39 7. ,44** 2. , 86** 0. ,20 0. ,28 0. ,01 
P*Pos 6 0. ,12 0. ,27 0, 20 0. ,11 0. ,03 0. ,05 0. ,33 
K*Pos 2 0. ,65 3. , 12* 8. ,01** 1. ,01 0. ,51* 0. ,41 1. ,97 
P*K*Pos 6 0. ,08 0. 24 0. ,23 0. 47 0. ,14 0. ,06 0. 91 
Error (b) 47 0. 22 0. ,91 0. ,43 0. 48 0. ,15 0. ,15 0. ,90 
E^rror (b) source of variation has 47 df due to a missing value. 
x^ 10^  for actual mean squares. 
c 2 X 10 for actual mean squares. 
d 4 X 10 for actual mean squares. 
®x 10 for actual mean squares. 
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Table A15. Treatment means for the N, P, K, S, Ca, and Mg 
contents (kg/ha) of ear leaves sampled from the 
P-K experiment during the seed-filling period 
of 1984 
Treat- Stage (days after silking) 



























































































































































































Table A15. (Continued) 
Treat- Stage (days after silking) 
ment R^ +0 R^ +14 R^ +28 R^ +42 R^ +56 Mean LSD 




Check 4.02 4.48 4.23 2.28 0.90 3.18 0.50 
1.22 1.12 0.86 0.62 0.22 0.81 
1.31 1.31 0.96 0.67 0.50 0.95 
1.30 1.09 0.95 0.63 0.53 0.90 
0.94 1.00 0.70 0.59 0.27 0.68 
1.28 1.21 0.95 0.51 0. 30 0.85 
1.34 1.40 1.08 0.78 0.57 1.03 
1.22 1.13 0.92 0.67 0.44 0. 88 
1.21 1.15 0.88 0.60 0. 37 
0.18 
Ça 
5.50 5.88 6.79 5.41 1.92 5.10 
5.23 6.62 7.41 5.43 4.92 5.92 
5.40 5.70 7.38 5.49 5.51 5.90 
2.67 3.63 3.48 3.04 1.62 2.89 
3.26 5.34 5.78 3.57 2.50 4.09 
4.06 6.45 6.14 6.15 5. 38 5.64 
3.57 5.29 5.28 5.53 4.43 4.82 
4.21 5.42 5.81 4.61 3.40 
1.12 
Mg 
3.77 3.92 3.16 1.75 0.62 2.64 
4.94 5.04 4.97 3.74 1. 17 3.97 
5.34 6.42 6.61 4.46 4.19 5.40 
5.47 5.60 6.49 4.79 4.84 5.44 
1.74 1.89 1.66 1.42 0.75 1.49 
2.24 2.71 2.74 1.65 1.13 2.10 
2.69 3.43 2.74 2.47 2.04 2.67 
2.13 2.37 1.89 1.94 1. 58 1.98 









Table Al6. Mean squares from the analysis of variance for the N, P, K, S, Ca, 
and Mg contents (kg/ha) of ear leaves sampled from the P-K experiment 
during the seed-filling period of 1984 
Source of 
variation df^  P^  S^  Ca Mg 
Rep 2 (3) 1. ,06 1. ,25 0. 17 0. ,05 1. ,00 3. ,58 
P 3 16. ,09** 40. ,36** 2. ,45* 6. ,45** 43, .83** 22. ,73** 
K 1 0. ,68 5. 33 103. ,37** 0. ,63 13. ,33* 159. ,32** 
P*K 3 0. ,19 0. 72 2. ,59* 0. ,20 1. ,44 7. ,53 
Error (a) 14 ( al) 0. ,70 1. 22 0. ,66 0. ,52 2. ,04 3. ,73 
Stage (St) 4 87. 27** 65. 22** 14. ,25** 30. ,21** 22. ,18** 14. ,99** 
P*St 12 0. ,46 0. 39 0. ,36** 0. ,19 2. ,54** 0. ,92 
K*St 4 0. ,10 1. 45* 1. ,77** 0. ,05 3. ,62** 3. ,03** 
P*K*St 12 0. ,16 0. 17 0. ,16 0. 09 0. ,71 0. ,56 
Error (b) 64 (96) 0. ,33 0. 56 0. ,12 0. ,15 0. ,76 0. ,77 
D^egrees of freedom values within parantheses apply for N where four replica­
tions were analyzed. Error (b) source of variation for S has 63 df due to a 
missing value. 
10 for actual mean squares. 
x^ 10  ^for actual mean squares. 
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Table A17. Treatment means for the Mn, Fe, B, Cu, Zn, Al, 
and Na contents (g/ha) of ear leaves sampled from 
the P-K experiment during the seed-filling period 
of 1984 
Treat- Stage (days after silking) 






















28 25 27 16 7 21 
51 38 39 26 10 33 
40 41 39 28 23 34 
37 41 42 27 29 35 
30 29 27 23 11 24 
35 42 39 25 21 32 
26 35 33 30 23 29 
22 29 26 27 21 25 
34 35 34 25 18 
13 
Fe 
76 99 80 23 35 63 
196 133 110 48 37 105 
95 128 124 40 63 90 
92 119 125 43 82 92 
113 116 94 51 47 84 
82 145 148 82 48 101 
89 131 136 154 125 127 
78 124 75 142 96 103 
103 124 112 73 67 
21 
B 
4.1 5.7 5,3 2.5 1.1 3.7 
4.7 6.3 5.4 3.8 1.8 4.4 
4.5 6.7 5.5 3.4 3.3 4.7 
4.9 5.6 5.9 3.2 3.6 4.6 
4.9 . 6.3 6.2 4.0 2.2 4.7 
4.8 7.5 7.0 3. 3 3.3 5.2 
4.6 7.7 7.1 5.3 5.2 6.0 
3.9 6.4 6.4 4.6 4. 3 5.1 





4.6 4.1 3.1 1.6  0.7 2. 8 
6.6 5.0 4.9 2.  8 1.2 4. 1 
5.1 5.2 4.6 2.6 2.6 4.0 
4.9 3.9 4.3 2.3 3.0 3.7 





Table A17. (Continued) 
Stage (days after silking) Treat-
ment R^ +0 R^ +14 R^ +28 R^ +42 R^ +56 Mean LSD 
PlK 6.7 6.7 5.8 3.5 2.2 5.0 
P?K 5.5 6.5 5.9 4.6 4.1 5.3 
P3K 5.2 5.4 4.1 4.0 3.2 4.4 
Mean 5.5 5.2 4.6 3.0 2.3 
LSD 1.3 
Zn 
Check 22 22 17 11 4 15 
Pi 26 24 16 10 4 16 
P2 24 24 17 11 10 17 
P3 23 20 15 9 9 15 
23 25 23 20 9 20 
PlK 25 27 19 12 7 18 
PoK 21 22 16 12 8 16 
P'K 18 16 11 9 5 12 
Mean 23 23 17 12 7 
LSD 6 
A1 
Check 29 64 59 30 28 42 
Pi 101 82 76 43 24 68 
P2 49 77 86 35 54 60 
P3 42 71 89 41 64 61 
K 60 74 70 65 43 62 
PlK 38 93 122 62 44 • 72 
PoK 44 76 92 112 118 89 
P3K 34 78 57 110 93 75 
Mean 50 77 81 62 60 
LSD 17 
Na 
Check 6.3 7.2 4.1 2.1 2.1 4.4 
Pi 12.2 10.1 6.2 4.3 2.1 7.0 
Pg , 7.2 10.7 5.3 3.7 3.7 6.1 
P3 10.5 8.9 4.6 4.1 4.5 6.5 K"® 13.1 5.8 7.1 4.4 2.5 6.6 
PlK 8.2 7.5 7.5 4.8 4.0 6.4 
P2K 9.8 7.7 7.5 8.2 6.4 7.9 
P3K 8.8 7.7 5.8 7.0 6.0 7.1 
Mean 9.5 8.2 6.0 4.8 3.9 
LSD 1.4 
Table A18. Mean squares from the analysis of variance for the Mn, Fe, B, Cu, Zn, 
Al, and Na contents (g/ha) of ear leaves sampled from the P-K experi­
ment during the seed-filling period of 1984 
Source of 
variation df^  Mn^  Fe^  B Cu Zn^  Al^  Na^  
Rep 2 15. ,47* 3. 83* 1. ,22 1. ,03 0. ,84 2. 35* 0. ,54 
P 3 6. ,58 7. 17** 6. 24** 12. 75* 1. ,03 2. , 86** 1. ,44* 
K 1 2. ,69 8. 02** 23. ,07** 25. , 80** 0. ,07 7. ,97** 2. ,85* 
P*K 3 2. ,54 2. 23 0. ,89 0. ,50 0. ,94 0. ,84 1. ,17* 
Error (a) 14 2. ,78 0. 73 1. ,03 2. ,89 0. ,56 0. ,49 0. ,33 
Stage (St) 4 12. ,59** 14. 95** 52. 13** 46. ,78** 11. ,25** 3. ,93** 12. ,96** 
P*St 12 0. ,89 2. 45** 1. ,69** 2. ,08** 0. ,23* 1. ,33** 0. ,56** 
K*St 4 1. ,74* 7. ,06** 1. ,51 1. ,22 0. ,21 3. , 39** 1. ,95** 
P*K*St 12 0. ,37 2. ,44** 0. ,64 0. ,33 0. ,02 1. ,28** 0. ,76** 
Error (b) 64 0. ,65 0. ,67 0. 68 0. ,59 0. ,09 0. ,43 0. ,15 
E^rror (b) source of variation for Al has 63 df due to a missing value. 
x^ 10^  for actual mean squares. 
c 3 X 10 for actual mean squares. 
'^ x 10 for actual mean squares. 
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Table A19. Treatment means for the N, P, K, S, Ca, and Mg 
contents (kg/ha) of grain sampled from the P-K 
experiment during the seed-filling period and 
at harvest of 1984 
Treat­
ment 
Stage (days after silking) 














17. 92 38. 11 41. 63 58. 62 58. 39 42. 93 
20. 78 47. 80 66. 07 70. 93 77. 63 56. 64 
24. 03 41. 74 60. 06 70. 02 82. 25 55. 62 
19. 97 37. 16 55. 10 66. 86 76. 50 51. 12 
11. 10 40. 27 44. 06 69. 06 69. 15 46. 73 
26. 02 44. 83 84. 90 89. 28 93. 98 67. 80 
20. 65 37. 89 61. 85 75. 26 94. 21 57. 97 
18. 02 39. 74 67. 86 79. 22 99. 91 60. 95 
19. 81 40. 94 60. 19 72. 41 81. 50 
10. 01 
n 
1. 77 5. 37 4. 
sr 
65 8. 00 6. 98 5. 35 
3. 05 7. 66 9. 95 12. 11 11. 89 8. 93 
2. 54 7. 82 9. 55 11. 84 13. 66 9. 08 
2. 31 6. 59 9. 21 11. 91 13. 30 8. 66 
1. 38 3. 54 3. 77 6. 21 5. 66 4. 11 
2. 81 5. 15 11. 25 10. 30 10. 66 8. 03 
2. 66 6. 15 11. 14 12. 67 16. 56 9. 84 
2. 42 6. 54 11. 36 12. 87 17. 82 10. 20 
2. 37 6. 10 8. 86 10. 74 12. 07 
2. 20 
K 
Check 6.16 14.85 12.23 17. 67 12.51 12. 69 
Pi 9.96 19.63 23.23 22. 82 19.72 19. 07 
P2 7.69 19.74 19.51 21. 58 19.56 17. 62 
P3 7.29 16.93 18.94 2o. 58 19.37 16. 82 
K 6.04 13.07 12.72 18. 27 13.90 12. 80 
PlK 10.02 16.69 26.81 25. 14 21.03 19. 94 
PoK 9.06 17.62 25.53 24. 51 25.01 20. 35 
P3K 8.26 18.77 25.20 25. 27 27.08 20. 91 






Table A19. (Continued) 
Treat- Stage (days after silking) 
ment R^ +14 R^ +21 R^ +28 R^ +35 Harvest Mean LSD 
Check 1.20 3.20 3.16 4.89 4.44 3.38 0.36 
Pi 1.87 4.15 5.73 6.49 6.61 4.97 
1.72 4.18 5.18 6.21 7.16 4.89 
1.56 3.40 4.88 6.29 6.91 4.61 
0.92 2.96 3.67 5.45 5.51 3.70 
1.93 3.69 6.88 6.00 • 7.22 5.15 
1.44 2.95 5.77 6.00 7.83 4. 80 
1.24 3.30 5.83 6. 30 8.29 4.99 
1.48 3.48 5.14 5.95 6.75 
1.12 
Ça 
0.19 0.26 0.26 0.38 0.35 0.29 
0.26 0.28 0.44 0.50 0.55 0.41 
0.24 0.33 0.38 0.45 0.55 0.39 
0.17 0.29 0.35 0.46 0.55 0.36 
0.18 0.21 0.25 0.43 0.44 0.30 
0.23 0.27 0.52 0.59 0.60 0.44 
0.26 0.32 0.42 0.50 0.69 0.44 
0.24 0.44 0.44 0.52 0.73 0.47 
0.22 0.30 0.38 0.48 0.56 
0.07 
Mg 
0.87 2.50 2.17 3.72 3.51 2.55 
1,40 3.00 4.39 4. 84 5.56 3.84 
1.10 3.12 3.77 4. 84 5.90 3.74 
0.93 2.66 3.85 4.58 5.47 3.50 
0.75 1.79 2.17 3.32 3.48 2.30 
1.23 2.45 5.34 5.14 5.41 3.92 
1.05 2.35 4.42 5.00 6.90 3.94 
0.96 2.50 4.52 5.21 7.56 4.15 



















Table A20. Mean squares from the analysis of variance for the N, P, K, S, Ca, 
and Mg contents (kg/ha) of grain sampled from the P-K experiment 
during the seed-filling period and at harvest of 1984 
Source of 
variation df^  P^  S Ca^  Mg 
Rep 2 (3) 0. ,27 0. ,51 1. ,81 1. ,09 0. ,56 1. ,03 
P 3 2. ,13** 15. ,09** 30. ,70** 14. ,27** 11. ,61** 15. ,13** 
K 1 1. ,84* 0. ,00 11. ,43 . 1. ,19 7. ,80** 0. ,86 
P*K 3 0. ,19 1. ,32 2. ,44 0. ,34 1. ,38 1. ,04 
Error (a) 14 (21) 0. 23 0. ,79 2. ,74 2. ,03. 0. ,88 1. ,26 
Stage (st) 4 19. ,75** 36. ,06** 74. ,85** 106. ,12** 43. ,85** 72. ,91** 
P*St 12 0. ,25** 1. ,59** 2. ,22** 1. ,70** 1. ,39** 2. ,09** 
K*St 4 0. ,46** 0. ,76** 3. ,14** 2, 43** 0. ,99 1. ,56** 
P*K*St 12 0. ,04 0. ,20 0. ,29 0. ,18 0. ,24 0. ,31 
Error (b) 64 (96) 0. 05 0. ,18 0. ,61 0. ,40 0. ,45 0. ,27 
D^egrees of freedom values within parentheses apply for N where four replica­
tions were analyzed. 
10^  for actual mean squares. 
10 for actual mean squares, 
"^ x 10 ^  for actual mean squares. 
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Table 21. Treatment means for the Mn, Fe, B, Cu, Zn, Al, 
and Na contents (g/ha) of grain sampled from the 
P-K experiment during the seed-filling period and 
at harvest of 1984 
Treat­
ment R^ +14 
Stage (days after silking) 
R^ +21 R^ +28 R^ +35 Harvest Mean LSD 
Mn 
Check 5.3 15.0 12.0 22.0 15.6 14.0 
P i  7.9 17.0 22.2 23.4 24.0 18.9 
P2  6.3 18.5 20.4 22.5 31.9 19.9 
P3  5.6 14.0 21.0 21. 3 25.3 17.4 
6.0 14.5 14.0 18.9 18.6 14.4 
PlK 9.1 17.4 29.0 25.6 27.9 21.8 
P2K 8.8 13.7 26.0 23.3 29.7 20.3 
P3K 7.2 14.8 24.7 24.4 29.3 20.1 
Mean 7.0 15.6 21.2 22.7 25. 3 
LSD 5.1 
Fe 
Check 14.5 58.0 53.8 106.3 79.6 62.4 
P i  21.5 74.0 127.0 126.7 115.6 93.0 
P2  22.5 65.4 91.0 137.8 133.9 90.1 
P3  16.2 51.0 90.7 113.7 130.4 76.8 
12.5 48.8 85.5 120.2 99.8 73.4 
PlK 24.7 51.2 138.3 165.6 136.3 100.7 
PoK 20.6 42.8 96.3 127.1 147.0 86.7 
P3K 29.0 54.9 148.2 146.2 158.5 107.4 
Mean 20.2 55.8 102.9 130.5 124.9 
LSD 27.8 
T) 
Check 4.8 8.4 
JD 
6.7 11.5 8.5 8.0 
P i  6.3 12.2 14.5 15.0 22.5 14.1 
P2  5.0 12.0 11.3 11.5 13.0 10.6 
P3  4.1 7.3 9.3 10.5 10.9 8.4 
3.1 9.5 7.5 15.6 11.4 9.4 
PlK 6. 6 11.9 15.5 18.2 18.0 14.0 
P?K 4.9 9.6 14.0 15.0 18.7 12.4 
P3K 4.0 10.4 13.1 15.2 17.0 11.9 
Mean 4.8 10.2 11.5 14.1 15.0 
LSD 3.3 
Cu 
Check 2.2 6.3 5.4 7.7 7.1 5.7 
P i  3.6 5.7 8.8 5.0 9.0 6.4 
P2  3.4 6.7 6.0 5.6 9.6 6.3 
P3  2.7 5.1 4.8 5.9 7.1 5.1 






Table A21. (Continued) 
Stage (days after silking) 
ment R^ +14 R^ +21 R^ +28 R^ +35 Harvest Mean LSD 
PlK 3.6 5.4 11.9 7.6 12.0 8.1 
P2K 3.2 5.2 8.3 6.7 13.8 7.4 
P3K 2.6 6.0 5.9 5.2 14.7 6.9 
Mean 2.9 5.6 7.0 6.5 10.2 
LSD 1.6 
Zn 
Check 19.4 61.2 53.3 92.6 85.6 62.4 6.6 
Pi 29.7 70.7 103.1 109.6 132.2 89.0 
P2 24.3 74.2 86.1 107.6 128.4 84.1 
P3 21.5 57.2 80.2 100.6 119.8 75.9 
K 18.1 55.0 60.8 98.0 102.7 66.9 
PlK 28.0 58.6 116.3 122.8 132.2 91.6 
P2K 25.6 50.9 91.6 101.7 142.1 82.4 
P3K 21.7 51.4 87.4 104.0 149.4 82.8 
Mean 23.5 59.9 84.8 104.6 124.0 
LSD 18.0 
A1 
Check 22.9 25.2 18.4 31.8 54.8 30.6 10.4 
Pi 30.5 36.1 63.9 52.7 75.4 51.7 
P2 10.6 41.2 51.0 40.5 56.1 39.9 
P3  10.8 34.5 51.1 58.3 49.0 40.7 
K 15.6 26.6 25.6 32.9 45.6 29.3 
PlK 19.5 46.5 68.9 42.8 55.7 46.7 
PoK 14.5 21.1 50.9 38.0 53.1 35.5 
P3K 9.5 19.0 47.0 41.0 63.7 36.0 
Mean 16.7 31.3 47.1 42.3 56.7 
LSD 11.0 
Na 
Check 5.4 4.2 5.2 7.7 21.7 8.8 1.7 
Pi 5.9 5.7 10.3 10.0 31.7 12.7 
P2 7.7 6.7 7.5 10.1 27.2 11.9 
P3  6.3 4.4 7.0 9.2 27.4 10.9 
K-^  3.0 4.2 5.0 8.6 21.5 8.5 
PlK 2.8 5.4 10.3 11.8 28.4 11.7 
P2K 2.1 4.5 8.3 10.0 32.4 11.5 
P3K 2.3 4.4 8.7 10.5 41.7 13.5 
Mean 4.4 4.9 7.8 9.7 29.0 
LSD 3.1 
Table A22. Mean squares from the analysis of variance for the Mn, Fe, B, Cu, Zn,  
Al, and Na contents (g/ha) of grain sampled from the P-K experiment 
during the seed-filling period and at harvest of 1984 
Source of 
variation df® Mn^  Fe^  Cud Zn*^  
0 H < Na^  
Rep 2 2. ,21* 0, 59 0, 14 0. ,45 0. ,74 1. ,06* 0. 10 
P 3 2. ,45** 4. ,85* 1. ,56** 1. ,49* 3. ,51** 1. ,89** 0. ,87** 
K 1 0. ,75 3. ,86 0. ,85* 4. ,16** 0. ,28 0. ,45 0. ,02 
P*K 3 0. ,14 1. ,49 0. ,16 0. ,45 0. ,10 0. ,02 0. ,20 
Error (a) 14 0. ,43 1. ,26 0. ,18 0. ,43 0. ,53 0. ,20 0. ,16 
Stage (St) 4 12. ,65** 53. ,69** 3. ,84** 16. ,64** 36. 97** 5. ,67** 24. ,94** 
P*St 12 0. ,45** 0. ,99** 0. ,15 1. ,16** 0. ,60** 0. ,34 0. ,31** 
K*St 4 0. ,25* 1. ,44** 0. ,18 2. ,06** 0. ,61** 0. ,08 0. ,48** 
P*K*St 12 0. ,07 0. ,22 0. ,08 0. ,34 0. ,08 0. ,20 0. ,19* 
Error (b) 64 0. ,09 0. ,33 0. ,09 0. ,26 0. ,13 0. ,32 0. ,08 
E^rror (b) source of variation for Fe has 61 df due to three missing values, 
10^ for actual mean squares. 
c 3 X 10 for actual mean squares. 
^x 10 for actual mean squares. 
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Table A23. Treatment means for the dry weights (kg/ha) of 
plant parts sampled from the P-K experiment dur­
ing the seed-filling period of 1985 
Treat­
ment 
Stage (days after silking) 




















593 544 525 541 481 537 
539 533 576 560 517 545 
619 596 596 556 533 580 
576 605 602 545 538 573 
545 514 524 521 492 519 
567 555 593 593 501 562 
628 538 637 573 608 617 
650 706 644 590 612 641 
590 586 587 560 535 
70 
Cobs 
224 1046 1162 1355 1307 1019 
179 1068 1272 1463 1430 1082 
203 1114 1341 1379 1380 1083 
188 1151 1373 1460 1382 1111 
280 1065 1191 1281 1335 1030 
306 1187 1393 1522 1382 1158 
113 1221 1442 1455 1447 1136 
148 1510 1460 1543 1488 1230 
205 1170 1329 1432 1394 
278 
Grain 
0 702 3292 6266 7016 3455 
0 630 3447 6676 7967 3744 
0 521 2995 6464 7605 3517 
0 513 3094 6337 7939 3576 
0 824 3594 6386 7799 3720 
0 802 3851 7389 7735 3955 
0 537 4095 7263 9702 4319 






656 3569 6836 8174 
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Table A24. Mean squares from the analysis of variance for 
the dry weights of plant parts sampled from the 
P-K experiment during the seed-filling period of 
1985 
Source of Ear 
variation df leaves Cobs^  Grain^  
Rep 3 3.80* 2.31 6.65 
P 3 5.56** 1.46 1.42 
K 1 2.68 1.67 12.00 
P*K 3 1.27 0.20 1. 30 
Error (a) 21 1.13 1. 30 2.87 
Stage (St) 4 1.80** 84.38** 421.68** 
P*St 12 0.43* 0.38** 0.80 
K*St 4 0.06 0.24 1.72* 
P*K*St 12 0.12 0.16 0.48 
Error (b) 96 0.21 0.12 0.58 
10^ for  actual  mean squares.  
10^ for  actual  mean squares,  
c  6 
X 10 for  actual  mean squares.  
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Table A25. Treatment means for the N, P, K, S, Ca, and Mg 
concentrations {%) of ear leaves sampled from 
the P-K experiment during the seed-filling 
period of 1985 
Treat- Stage (days after silking) 
ment R^ +0 R^ +14 R^ +28 R^ +42 R^ +56 Mean LSD 
N 
Check 2.51 2.36 2.22 1.83 1.23 2.03 
P2 2.62 2.52 2.39 1.85 1.37 2.15 
P3 2.58 2.49 2.40 1.92 1.23 2.14 
2.33 2.30 2.29 1.74 1.32 2.00 
P2K 2.38 2.48 2.39 1.91 1.20 2.07 
P3K 2.52 2.44 2.39 1.86 1.33 2.11 
Mean 2.51 2.43 2.35 1.85 1.28 
LSD 0.09 
D 
Check 0.20 0.22 
sr 
0.19 0.14 0 . 0 8  0.17 
P2 0.23 0.25 0.22 0.15 0.10 0.19 
P3 0.26 0.26 0.25 0.16 0.09 0.20 
K 0.15 0.17 0.16 0.11 0.08 0.13 
P2K 0.21 0.23 0.23 0.16 0.09 0.19 
P3K 0.24 0.27 0.23 0.17 0.11 0 . 2 0  




Check 0.89 0.99 0.84 0.73 0.40 0.77 
P2 0.92 0.97 0.71 0.57 0.38 0.71 
P3 0.91 0.93 0.73 0.58 0.34 0.70 
1.75 1.72 1.28 1.11 0.96 1.37 
P2K 1.45 1.45 1.49 1.34 1.04 1.35 
P3K 1.65 1.71 1.46 1. 34 1.23 1.46 
Mean 1.26 1.30 1.09 0.94 0.71 
LSD 0.19 
c 
Check 0.17 0.18 
0 
0.16 0.15 0.11 0.15 
P2 0.18 0.18 0.16 0.14 0.12 0.16 
P3 0.18 0.17 0.16 0.15 0.11 0.15 
K 0.17 0.16 0.16 0.14 0.12 0.15 
P2K 0.16 0.15 0.15 0.13 0.10 0.14 
P3K 0.18 0.15 0.15 0.12 0.11 0.14 






Table A25, (Continued) 
Treat- Stage (days after silking) 
ment B^ +0 R^ +14 R^ +28 R^ +42 R^ +56 Mean LSD 
Ça 










0.85 0.93 0.96 1.01 0.96 0.94 
0.86 0.91 0.98 1.03 0.94 0.94 
0.58 0.65 0.73 0.80 0.74 0.70 
0.64 0.71 0.72 0.75 0.84 0.73 
0.64 0.66 0.76 0.79 0.85 0.74 
0.73 0.80 0.83 0.88 0.87 
0.07 
Mg 
0.88 0.92 0.79 0.82 0.75 0.83 
0.89 0.94 0.99 1.05 0.84 0.94 
0.95 0.95 1.00 0.97 0.82 0.94 
0.42 0.48 0.50 0.55 0.53 0.50 
0.59 0.56 0.55 0.54 0.57 0.56 
0.53 0.53 0.53 0.55 0.57 0.54 
0.71 0.73 0.73 0.75 0.68 
0.12 
Check 0.03 
Table A26. Mean squares from the analysis of variance for the N, P, K, S, Ca, 
and Mg concentrations (%) of ear leaves sampled from the P-K experi­
ment during the seed-filling period of 1985 
Source of 
variation df P S^  Ca^  Mg^  
Rep 2 1.46** 3.33 0.64 2.27** 1.14** 1.92** 
P 2 1.10** 24.01** 0.18 0.14 0.26 0.65 
K 1 0.51 3.61 100.20** 3.36** 8.82** 30.95** 
P*K 2 0.05 2.30 0.53 0.56 0.04 0.07 
Error (a) 10 0.12 1.31 0.53 0.23 0.08 0.21 
Stage (St) 4 48.09** 64.01** 13.11** 10.90** 0.68** 0.12** 
P*St 8 0.10 0.94** 0.14 0.18 0.03 0.02 
K*St 4 0.34** 0.72* 0.03 0.24 0.11* 0,21** 
P*K*St 8 0.11 0.31 0.42* 0.11 0.03 0.10** 
Error (b) 48 0.08 0.26 0.16 0.11 0.03 0.02 
10"^  for actual mean squares, 
x^ 10"^  for actual mean squares. 
325 
Table A27. Treatment means for the Mn, Fe, B, Cu, Zn, Al, 
and Na concentrations (^ lg/g) of ear leaves 
sampled from the P-K experiment during the seed-
filling period of 1985 
Treat- Stage (days after silking) 
ment R^ +O 8^ +14 2^ +28 RT+42 R^ +SG Mean LSD 
Mn 
Check 42 46 42 42 48 44 
P2 52 53 49 58 52 53 
P3 55 51 51 48 52 51 
K 45 43 39 38 40 41 
P2K 41 43 42 41 42 42 
P3K 40 43 38 35 35 38 
Mean 46 46 44 44 45 
LSD 7 
Fe 
Check 170 192 188 211 319 216 
P2 244 197 205 264 291 240 
P3 230 187 219 255 368 252 
K 228 166 187 209 213 201 
PnK 198 164 209 185 201 191 
P3K 194 176 243 226 198 207 
Mean 211 180 209 225 265 
LSD 29 
B 
Check 6.0 8.0 7.3 9.3 9.0 7.9 
P2 7.3 8.0 7.3 9.3 7.7 7.9 
P3 7.0 7.7 7.3 8.3 8.3 7.7 
K 7.0 7.0 6.7 9.0 7.3 7.4 
P2K 6.0 7.7 5.7 7.3 9.3 7.2 
P3K 6.3 8.3 6.0 6.7 10.0 7.5 
Mean 6.6 7.8 6.7 8.3 8.6 
LSD 0.4 
Cu 
Check 7.3 7.3 6.0 6.0 7.7 6.9 
P2 8.3 7.7 6.3 7.7 6.7 7.3 
P3 8.0 6.7 6.0 6.3 6.0 6.6 
K 8.3 8.0 6.0 5.7 5.7 6.7 
P2K 8.0 7.3 8.3 7.0 5.7 7.3 
P3K 8.0 7.7 7.7 7.0 5.7 7.2 
Mean 8.0 7.5 6.7 6.6 6.3 
LSD 0.8 
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Table A27. (Continued) 
Treat- Stage (days after silking) 
ment R^ +0 R^ +14 R^ +28 R^ +42 R^ +56 Mean LSD 
Zn 
Check 45 52 50 45 46 48 
P2 45 48 47 43 37 44 
P3 39 38 40 33 30 36 
49 57 60 52 56 55 
P?K 39 41 44 37 30 38 
P3K 34 34 34 29 25 31 
Mean 42 45 46 40 37 
LSD 9 
Check 113 118 134 140 259 153 
P2 189 117 140 190 240 175 
P3 171 .114 153 194 306 188 
188 104 132 158 175 151 
P2K 144 91 144 128 143 130 
P3K 136 101 194 179 143 151 
Mean 157 108 149 165 211 
LSD 24 
Na 
Check 181 369 315 317 242 285 
P2 369 557 483 414 272 419 
P3 245 364 346 372 233 312 
K 271 435 421 407 367 380 
PoK 206 404 381 347 345 337 
P3K 256 416 428 402 374 375 




Table A28. Mean squares from the analysis of variance for the Mn, Fe, B, Cu, Zn, 
Al, and Na concentrations (|j,g/g) of ear leaves sampled from the P-K 
experiment during the seed-filling period of 1985 
Source of 
variation df Mn^  Fe^  B .Cu Zn^  Al^  Na^  
Rep 2 15. ,32** 0. ,11 4. ,08** 6. ,03* 16. ,78** 1. ,01** 157. ,85** 
P 2 1. ,76 ' 0. ,35 0. ,08 2. ,10 23. ,21** 0. ,28 1. ,67 
K 1 18. ,95** 2. ,97** 5. ,88** 0. ,40 0. ,23 1. ,74** 1. ,45 
P*K 2 2. ,32 ' 0. ,50 0. ,41 1. ,23 3. ,87 0. ,41* 6. ,71 
Error (a) 10 0. ,67 , 0. ,13 0. ,24 0. ,93 1. ,35 0. ,09 4. ,01 
Stage (St) 4 0. 29 1. ,72** 15. ,03** 9. ,14** 2. ,16** 2. ,46** 8. ,69** 
P*St 8 0. 24 0. ,09 1. ,62** 1. ,41** 0. ,44* 0. ,11 0. ,28 
K*St 4 0. 23 1. 17** 2. ,74** 3. ,26** 0. ,06 1. ,14** 1. ,26 
P*K*St 8 0. 20 0. 20 2. ,48** 0. ,93* 0. ,07 0. ,22 0. ,28 
Error (b) 48 0. 19 0. ,16 0. ,38 0. ,40 0. ,16 0. ,15 0. ,69 
x^ 10^  for actual mean squares, 
b 4 X 10 for actual mean squares. 
Table A29. Treatment means for the N, P, K, S, Ca, and Mg concentrations {%) of 
grain sampled from the P-K experiment at 28 days after silking and 
at harvest of 1985 
Stage (days after silking) 
Treatment R^ +28 Harvest Mean LSD *1+28 Harvest Mean LSD 
N P 
Check 1.53 1.38 1.45 0.07 0.26 0.22 0.24 0.01 
P3  1.56 1. 39 1.48 0.28 0.24 0.26 
K 1.63 1.47 1.55 0.23 0.17 0.20 
P3K 1.51 1.43 1.47 0.30 0.26 0.28 
Mean 1.56 1.42 0.27 0.22 
LSD 0.10 0.03 
K S 
Check 0.66 0.33 0.49 0.06 0.11 0.10 0.10 0.00 
P3  0.67 0.33 0.40 0.11 0.09 0.10 
K 0.67 0.29 0.48 0.11 0.10 0.11 
P3K 0.71 0.34 0.53 0.10 0.09 0.10 
Mean 0.68 0.32 0.11 0.09 
LSD 0.04 0.01 
Ça Mg 
Check 0.01 0.01 0.01 0.00 0.11 0.09 0.10 0.01 
P3  0.01 0.01 0.01 0.11 0.10 0.10 
K 0.01 0.01 0.01 0.11 - 0.09 0.10 
P3K 0.01 0.01 0.01 0.11 0.10 0.11 
Mean 0.01 0.01 0.11 0.09 
LSD 0.00 0.01 
Table A30. Mean squares from the analysis of variance for the N, P, K, S, Ca, 
and Mg concentrations (%) of grain sampled from the P-K experiment 
at 28 days after silking and at harvest of 1985 
Source of 
variation df pb Ca^  Mg*^  
Rep 2 2. ,03 0. ,95 8. ,23* 3. ,79* 0. ,38* 1. ,17 
P 1 0. ,48 15. ,00** 4. ,54 1. 50 0. ,04 1. 50 
K 1 1. ,22 0. ,42 0. ,20 0. 17 0. ,04 0. 17 
P*K 1 1. ,50 5. ,40** 1. ,87 1. 50 0. ,04 0. 67 
Error (a) 5 0. ,52 0. ,38 0. ,87 0. ,51 0. ,04 0. ,61 
Stage (St) 1 11. ,21** 14. 02** 752. ,60** 13. ,50** 0. ,38 13. ,50** 
P*St 1 0. ,14 0. ,27 0. ,04 0. ,17 0. ,04 0. 67 
K*St 1 0. ,28 0. ,42 1. ,84 0. ,17 0. ,04 0. ,00 
P*K*St 1 0. ,43 0. ,07 0. ,10 0. ,17 0. ,04 0. ,17 
Error (b) 8 0. ,54 0. ,10 4. ,06 0. 25 0. ,13 0. ,33 
x^ 10" 2 for actual mean squares. 
x^ 10" 3 for actual mean squares. 
x^ 10" 4 for actual mean squares. 
Table A31. Treatment means for the Mn, Fe, B, Cu, Zn, Al, and Na concentrations 
(lig/g) of grain sampled from the P-K experiment at 28 days after 
silking and at harvest of 1985 
Stage (days after silking) 
Treatment Rl+28 Harvest Mean LSD R^ +28 Harvest Mean 
Mn Fe 
Check 6.3 8.0 7.8 
CO 0
 23.7 32.0 27.8 
P3  6.7 8.3 7.5 24.0 43.0 33.5 
K 7.0 8.7 7.8 23.3 32.7 28.0 
P3K 7.7 8.0 7.8 25.0 27.7 26.3 
Mean 6.9 8.3 24.0 33.8 
LSD 1.6 6.8 
B Cu 
Check 2.7 1.0 1.8 0.4 2.0 1.3 1.7 
P3  2.3 1.0 1.7 1.7 0.7 1.2 
2.7 1.0 1.8 2.3 2.0 2.2 






LSD 0.3 0.6 
Zn A1 
Check 20.7 21.7 21.2 1.1 3.0 3.3 3.2 
P3  18.7 18.3 18. 5 3.0 3.0 3.0 
K 21.0 21.7 21.3 3.0 3.7 3.3 
P3K 19.0 18.3 18.7 3.7 3.3 3.5 
Mean 19.8 20.0 3.2 3.3 
LSD 2.0 0.4 
Na 





P3  2.0 3.3 2.7 
K 2. 3 3.7 3.0 








Table A32. Mean squares from the analysis of variance for the Mn, Fe, B, Cu, Zn, 
Al, and Na concentrations (|j,g/g) of grain sampled from the P-K experi­
ment at 28 days after silking and at harvest of 1985 
Source of 
variation df Mn Fe^  B Cu Zn^  A1 Na 
Rep 2 4. ,67 0. ,02 0. ,54** 0. ,59 0. ,87 0. ,13 0. ,13 
P 1 0. ,17 0. ,24 0. ,04 2. ,04* 4. ,27** 0. ,00 0. ,17 
K 1 1. ,50 0. ,74 0. ,04 1. ,04 0. ,02 0. 67* 1. ,50 
P*K 1 0. ,17 0. ,81 0. ,04 0. ,04 0. ,00 0. ,17 0. ,17 
Error (a) 6 1. ,28 0. ,23 0. ,04 0. ,18 0. ,19 0. ,07 1. ,24 
Stage (St) 1 10. ,67** 5. ,80** 15. ,04** 3. ,38** 0. ,02 0. ,17 0. ,00 
P*St 1 0. ,67 0. ,06 0. 04 0. ,38 0. ,27 0. 67 0. ,67 
K*St 1 0. ,67 0. ,88* 0. ,04 0. ,04 0. ,02 0. 00 0. ,67 
P*K*St 1 0. ,67 1. ,13* 0. ,04 0. ,04 0. ,00 0. ,17 10. ,67* 
Error (b) 8 0. ,79 0. 14 0. ,17 ' 0. ,24 0. ,14 0. 25 1. ,13 
10^  for actual mean squares, 
x^ 10 for actual mean squares. 
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Table A33. Treatment means for the N, P, K, S, Ca, and Mg 
contents (kg/ha) of ear leaves sampled from the 
P-K experiment during the seed-filling period 
of 1985 
Treat- Stage (days after silking) 
ment R^ +0 R^ +14 R^ +28 R^ +42 R^ +56 Mean LSD 
N 
Check 15.31 13.48 12.12 9. 81 6.16 11.38 0. 77 
P 2  16.03 14.79 14.81 10.18 7.21 12.60 
P 3  15.36 15.21 14.83 10.69 6.92 12.65 
11.58 10.92 11.69 8.53 6.07 9.76 
P?K 14.76 16.48 14.93 10.74 7.37 12.86 
P3K 16.26 17.81 15.71 11.20 8.41 13.88 
Mean 14.88 14.78 14.02 10.24 7.02 
LSD 1.94 
•0 
Check 1.24 1.31 
J r  
1.03 0.75 0.43 0.95 0. 09 
P 2  1.38 1.49 1.36 0.84 0.53 1.12 
P 3  1.51 1.61 • 1.52 0.90 0.50 1.21 
K 0.75 0.82 0.81 0,53 0.36 0.66 
P2K 1. 30 1.55 1.45 0.92 0.53 1.15 
P3K 1.55 1.94 1.53 1.01 0.72 1.35 
Mean 1.29 1.45 1.29 0.83 0.51 
LSD 0.29 
K 
Check 5.46 5.74 4.66 3.96 1.98 4.36 0. 71 
P 2  5.63 5.71 4 . 3 9  3.15 1.96 4.17 
P 3  5.38 5.75 4.52 3.32 1.93 4.18 
K 8.67 8.18 6.56 5.39 4. 30 6.62 
P2K 9.03 9.61 9.32 7.50 6.40 8. 37 
P3K 10.70 12.47 9.62 8.15 7.14 9.61 
Mean 7.48 7.91 6.51 5.25 3.95 
LSD 1.38 
c  
Check 1.05 1.00 0.85 0.78 0.55 0.85 0. 06 
P 2  1.10 1.08 1.01 0.77 0.65 0.92 
P3  1.05 1.02 1.01 0.84 0.60 0.90 
K 0.83 0.74 0.81 0.68 0.56 0.72 
333 
Table A33. (Continued) 
Stage (days after silking) 
ment R^ +0 R^ +14 R^ +28 R^ +42 R^ +56 Mean LSD 
P2K 0.99 1.02 0.91 0.71 0.61 0.85 
P3K 1.15 1.07 0.96 0.74 0.67 0.92 
Mean 1.03 0.99 0.93 0.75 0.61 
LSD 0.11 
Ça 
Check 4.96 5.22 4.65 5.04 4.41 4.86 0.37 
P2 5.18 5.44 5.97 5.53 5.12 5.45 
P3 4.88 5.58 6.06 5.89 5.25 5.53 
2.91 3.14 3.82 4.02 3.46 3.47 
P2K 4.02 4.74 4.50 4.16 5.22 4.53 
P3K 4.09 4.78 4.99 4.76 5.36 4.80 
Mean 4.34 4.82 5.00 4.90 4.80 
LSD 0.83 
Mg 
Check 5.41 5.26 4.30 4.45 3.77 4.64 0.32 
P2 5.38 5.46 6.07 5.74 4.49 5.43 
P3 5.34 5.79 6.16 5.53 4.56 5.48 
2.12 2.32 2.62 2.76 2.49 2.46 
PoK 3.71 3.73 3.44 . 3.02 3.55 3.49 
P3K 3.40 3.85 3.50 3.38 3.58 3.54 
Mean 4.23 4.40 4.35 4.15 3.74 
LSD 0.72 
Table A34. Mean squares from the analysis of variance for the N, P, K, S, Ca, 
and Mg contents (kg/ha) of ear leaves sampled from the P-K experiment 
during the seed-filling period of 1985 
Source of 
variation df N P S^  Ca Mg 
Rep 2 10. ,46 0. ,33 0. 48 5. 54 9. ,07** 9. 46** 
P 2 61. ,30** 1. ,78** 1. 49* 13. 63** 8. ,56** 8. 76** 
K 1 0. ,05 0. ,04 35. ,38** 8. 06 23. ,13** 91. ,48** 
P*K 2 15. ,68 0. 39 1. ,92* 3. 92 0. ,85 0. ,14 
Error (a) 10 5. ,71 0. ,12 0. .29 1. ,74 1. ,04 0. ,79 
Stage (St) 4 215. ,05** . 2. ,75** 4. ,78** 56. 51** 1. ,16** 1. ,23** 
P*St 8 2. ,33 0. 07** 0. ,06 0. ,70 0. ,29 0. ,15 
K*St 4 2. ,85 0. 03 0. ,04 0. ,83 0. ,85* 1. ,28** 
P*K*St 8 1. ,75 0. 03 0. ,08 1. ,20 0. ,36 0. ,63* 
Error (b) 48 1. ,31 0. 02 0. ,11 0. ,74 0. ,31 0. ,23 
10 for actual mean squares, 
x^ 10 ^  for actual mean squares. 
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Table A35. Treatment means for the Mn, Fe, B, Cu, Zn, Al, 
and Na ^ contents (g/ha) of ear leaves sampled 
from the P-K experiment during the seed-filling 
period of 1985 
Stage (days after silking) 
Treatment *1+0 Rl+14 R^ +28 R^ +42 R^ +56 Mean LSD 
Mn 
Check 25 25 22 23 24 24 2 
P 2  32 31 31 33 27 31 
P 3  31 31 32 27 29 30 
K 22 20 20 18 18 20 
P2K 25 28 26 23 26 26 
P3K 26 31 25 21 22 25 
Mean 27 28 26 24 24 
LSD 5 
Fe 
Check 102 109 102 114 166 119 17 
P 2  147 116 128 147 154 138 
P 3  131 114 136 147 204 146 
K 114 79 96 102 101 99 
P 2 K  123 109 130 104 124 118 
P3K 125 129 160 136 124 135 
Mean 124 109 126 125 146 
LSD 27 
B 
Check 3.7 4.6 4.0 5.0 4.5 4.4 0.3 
P 2  4.5 4.7 4.6 5.1 4.1 4.6 
P 3  4.0 4.7 4.5 4.8 4.7 • 4.5 
K 3.5 3.3 3.4 4.4 3.4 3.6 
P2K 3.8 5.1 3.5 4.1 5.7 4.4 













P 2  5.1 4.5 3.9 4.2 3.5 4.2 
P 3  4.6 4.1 3.7 3.6 3.4 3.9 
K 4.1 3.8 3.1 2.8 2.6 3.3 
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Table A35. (Continued) 
Stage (days after silking) 
Treatment R^ +0 R^ +14 R^ +28 R^ +42 R^ +56 Mean LSD 
P2K 4.9 4.9 5.2 4.0 3.5 4.5 
P3K 5.2 5.6 5.0 4.2 3.6 4.7 
Mean 4.7 
ID 
4.0 3.7 3.4 
LSD 0.9 
Zn 
Check 27 29 27 24 22 26 
P2  28 28 29 24 19 26 
P3  22 23 25 19 17 21 
K 24 27 30 25 25 26 
P2K 24 27 27 21 18 24 
P3K 22 25 23 17 16 20 
Mean 25 26 27 22 20 
LSD 5 
Check 68 67 73 76 36 84 
P2  113 69 87 105 127 100 
P3  96 70 94 113 169 108 
94 50 69 78 84 75 
P2K 88 61 90 72 88 80 
P3K 87 74 128 107 90 97 
Mean 91 65 90 92 116 
LSD 19 
Na 
Check 96 194 164 160 114 146 
P2  224 322 298 230 136 242 
P3 148 219 217 205 136 185 
K 132 195 194 187 153 172 
P2K 125 262 230 203 205 205 
P3K 171 309 282 224 231 243 
Mean 149 250 230 202 163 
LSD 96 
Table A36. Mean squares from the analysis of variance for the Mn, Fe, B, Cu, Zn, 
Al, and Na contents (g/ha) of ear leaves sampled from the P-K experi­
ment during the seed-filling period of 1985 
Source of 
variation df Mn^  Fe^  B Cu Zn^  Na*^  
Rep 2 3. ,92** 2. ,02 0. 33 1. ,14 4. ,06** 5. ,11** 50. ,89** 
P 2 3. ,69** 7. ,71* 4. 50* 6. ,22* 2. 16* 4. ,12* 3. 67 
K 1 5. ,15** 6. ,84* 0. 78 0. ,78 0. ,15 4. ,11* 0. ,57 
P*K 2 0. ,02 0. ,20 2. 21 3. 46 0. ,12 0. ,27 1. ,77 
Error (a) 10 0. ,34 1. ,12 0. 86 1. ,13 0. ,42 0. ,55 1. ,40 
Stage (St) 4 0. ,49** 3. ,00** 3. ,10** 5. ,78** 1. ,74** 5. ,81** 3. ,36** 
P*St 8 0. ,08 0. ,36 0. 90** 0. ,31 0. ,08 0. ,44 0. ,11 
K*St 4 0. ,11 2. ,80** 1. 84** 0. ,95** 0. ,03 2. ,91** 0. ,41 
P*K*St 8 0. ,12 0. ,71 1. 15** 0. ,19 0. ,07 0. ,66 0. ,22 
Error (b) 48 0. ,10 0. ,63 0. 25 0. ,25 0. ,05 0. ,57 0. ,20 
^x 10^ for actual mean squares. 
^x 10^ for actual mean squares, 
c 4 X 10 for actual mean squares. 
Table A37. Treatment means for the N, P, K, S, Ca, and Mg contents (kg/ha) of 
grain sampled from the P-K experiment at 28 days after silking and 
at harvest of 1985 
Stage (days after silking) 



















































































































0 .62  
Table A38. Mean squares from the analysis of variance for the N, P, K, S, Ca, 
and Mg contents (kg/ha) of grain sampled from the P-K experiment at 
28 days after silking and at harvest of 1985 
Source of 
variation df pb s.  Ca^  Mg 
Rep 2 0. ,45 3. 39 4. ,42 0. ,89 . 0. ,57 3. ,51 
P 1 1. 58 17. 81* 25. ,09* 4. ,39 6. ,61 13. ,15* 
K 1 0. ,24 0. 04 0. ,99 0. ,05 0. ,00 0. 38 
P*K 1 0. ,86 10. 35* 18. ,19 2. ,57 2. ,78 8. 05 
Error (a) 6 0. ,27 1. ,49 3. 15 1. ,19 1. ,55 1. ,43 
Stage (St) 1 16. ,63**  32. ,30** 0. 26 62. 21** 68. ,64** 65. ,66** 
P*St 1 0. ,55** 4. ,70** 1. 05 0. , 82* 3. 95 4. ,90** 
K*St 1 0, ,09 0. ,01 0. 28 0. ,01 0. ,97 0. 07 
P*K*St 1 0. ,06 0. ,63* 0. 00 0. ,06 1. ,29 0. ,65 
Error (b) 8 0. ,03 0. ,11 0. ,57 0. 12 0. ,85 0. ,43 
10^ for actual mean squares. 
10 for actual mean squares, 
c -2 X 10 for actual mean squares. 
Table A39. Treatment means for the Mn, Fe, B, Cu, Zn, Al, and Na contents (g/ha) 
of grain sampled from the P-K experiment at 28 days after silking and 
at harvest of 1985 
Stage (days after silking) 
Treatment R^ +28 Harvest Mean LSD *1+28 Harvest Mean LSD 
Mn Fe 
Check 21.6 57.2 39.4 5.4 87.2 228.6 157.9 29.4 
P3  22.8 65.2 44.0 82.8 333.5 208.1 
21.0 54.9 38.0 72.3 208.4 140.4 
P3K 33.0 74.8 53.9 108.2 260.1 184.1 
Mean 24.6 63.1 87.6 257.7 
LSD 15.3 48.4 
B Cu 
Check 9.5 7.1 8.3 1.3 6.4 9.6 8.0 1.7 
P3  8.0 7.8 7.9 5.9 5.3 5.6 
K 7.8 6.4 7.1 7.0 12.7 9.9 
P3K 11.6 9.4 10.5 8.6 9.4 9.0 
Mean 9.2 7.7 7.0 9.3 
LSD 3.0 4.1 
Zn Al 
Check 75.4 152.3 113.9 9.8 11.3 23.8 17.6 3.0 
P3  64.4 143.4 103.9 10.4 23.5 16.9 
64,5 137,9 101,2 9.3 23.6 16.4 
P3K 82.2 171.8 127.0 15.8 31.2 23.5 
Mean 71.6 151.4 11.7 25.5 
LSD 30.0 6.0 
Na 
Check 9.5 14.2 11.8 6.3 
P3  6.9 25.6 16.3 
K 7.0 22.9 15.0 
P3K 17.2 18.8 18.0 
Mean 10.1 20.4 
LSD 8.5 
Table A40. Mean squares from the analysis of variance for the Mn, Fe, B, Cu, Zn, 
Al, and Na contents (g/ha) of grain sampled from the P-K experiment at 
28 days after silking and at harvest of 1985 
Source of 
variation df Mn® Fe^  B Cu^  Zn^  Al® Na® 
Rep 2 0. 38 0. ,35 2. 01 0. 91 0. 73 0. 59 0. 14 
P 1 6. 37 1. 32* 13. 61 1. 57 0. 38 0. 61 0. 82 
K 1 1. ,08 0. ,26 2. ,74 4. ,11 0. ,16 0. 44 0. ,35 
P*K 1 1. ,94 0. ,01 21. ,52 0. ,35 1. ,92 0. 87 0. ,03 
Error (a) 6 1. ,17 0. ,12 4. ,58 0. ,84 0. ,45 0. 18 0. ,36 
Stage (St) 1 88. ,68** 17. ,35** 13. ,81* 3. ,11* 38. ,14** 11. 46** 6. ,30** 
P*St 1 0. ,79 0. ,59* 0. ,76 2. ,88* 0. ,13 0. 01 0. ,00 
K*St 1 0. ,02 0. ,41 0, ,46 0. ,57 0. ,02 0. ,06 0. ,13 
P*K*St 1 0. ,00 0. ,33 3. ,37 0. ,06 0. ,07 0. ,00 3. ,00* 
Error (b) 8 0. ,33 0. ,10 1. ,81 0. ,31 0. ,11 0. ,10 0. ,44 
10^  for actual mean squares. 
lO'^  for actual mean squares, 
x^ 10 for actual mean squares, 
"^ x 10^  for actual mean squares. 
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Table Bl. Treatment means for the dry weights (kg/ha) of plant parts sampled from 
the N-P-K experiment during the seed-filling period of 1984 
Treat­
ment 
Stage (days after silking) 
R^ +0 R^ +14 R^ +21 R^ +28 R^ +35 R^ +42 R^ +49 R^ +56 Mean LSD 
Ear leaves 
Check 313 449 395 333 352 155 220 40 282 
N 530 586 590 519 515 302 382 202 453 
P 349 456 470 464 332 200 259 86 327 
NP 530 638 595 519 516 335 349 158 455 
K 439 446 416 355 353 180 243 71 313 
NK 563 638 574 485 401 316 285 224 436 
PK 464 464 465 441 408 225 267 42 347 
NPK 646 634 605 473 504 358 377 180 472 
Mean 479 539 514 449 423 259 298 125 
LSD 72 
Ear leaf sheaths 
Check 156 219 199 197 192 164 170 160 182 
N 254 268 273 253 246 218 220 214 243 
P 170 222 232 238 178 191 176 173 197 
NP 247 300 267 251 227 246 217 208 245 
K 221 225 223 196 203 176 182 169 199 
NK 275 303 266 233 209 224 208 197 239 
PK 234 238 225 230 208 193 199 179 213 
NPK 305 306 258 234 243 247 236 178 251 
Mean 233 260 243 229 213 207 201 185 
LSD 22 
Husks 
Check 95 348 323 283 342 187 302 217 262 
N 439 738 917 630 722 547 652 535 647 




Table Bl. (Continued) 
Treat- Stage (days after silking). 
ment R^ +0 R^ +14 R^ +21 R^ +28 R^ +35 R^ +42 R^ +49 R^ +56 Mean LSD 
NP 409 1013 750 666 641 602 630 643 669 
K 246 304 386 274 332 208 301 214 283 
NK 414 716 756 576 594 580 582 539 595 
PK 253 586 450 438 377 375 412 350 406 
NPK 496 809 757 571 646 590 646 630 643 
Mean 315 620 601 488 498 424 476 437 
LSD 174 
Shanks 
Check 12 47 49 50 64 33 50 30 42 
N 67 118 171 130 137 98 121 99 118 
P 27 65 81 89 62 . 47 53 59 60 
NP 66 178 152 136 126 108 118 112 125 
K 34 39 64 48 54 35 47 30 44 
NK 70 123 148 127 125 105 107 99 113 
PK 38 88 78 85 69 61 . 75 57 69 
NPK 80 142 159 131 132 112 115 121 124 
Mean 49 100 113 99 96 . 75 86 76 
LSD 33 
Silks 
Check 33 52 43 35 28 18 23 17 31 
N 83 93 87 58 52 41 36 37 61 
P 41 55 47 41 28 22 23 21 35 
NP 82 89 67 50 40 36 37 37 55 
K 67 55 48 32 32 24 24 22 38 
NK 86 97 79 59 39 42 37 39 60 
PK 66 64 50 40 33 26 26 21 41 
Table Bl. (Continued) 
Treat- Stage (days after silking) 
ment R^ +O R^ +14 R^ +21 R^ +28 R^ +SS R^ +42 R^ +49 R^ +56 Mean LSD 
NPK 97 93 71 53 45 41 44 34 60 
Mean 70 75 61 46 37 31 31 28 
LSD 9 
Cobs 
Check 68 726 702 727 804 551 851 656 636 69 
N 201 1130 1355 1199 1335 1040 1243 1173 1084 
P 88 764 877 1033 857 768 854 924 770 
NP 192 1321 1271 1119 1140 1038 1199 1221 1062 
K 183 786 931 892 937 698 926 784 767 
NK 207 1281 1348 1239 1216 1167 1183 1213 1107 
PK 179 947 926 1064 993 932 1114 956 889 
NPK 277 1322 1346 1181 1362 1197 1370 1265 1165 
Mean 174 1034 1094 1057 . 1081 924 1093 1024 
LSD 209 
Grain 
Check 0 317 940 1798 2475 1968 3151 2381 1629 274 
N 0 775 2596 3530 5245 4519 5063 4738 3308 
P 0 532 1345 3000 3040 3048 3448 3477 2236 
NP 0 1355 2656 3964 4888 4695 5130 4853 3442 
K 0 498 1786 2245 3380 2878 3885 2892 2195 
NK 0 870 2707 3939 4985 5236 5387 5022 3518 
PK 0 763 2034 3264 3907 4227 5023 4106 2915 
NPK 0 1201 2797 4106 5712 5736 6325 5704 3948 
Mean 0 789 2108 3231 4204 4038 4676 4147 
LSD 804 
Table Bl. (Continued) 
Treat- Stage (days after silking) 
ment R^+0 R^+14 R^+21 R^+28 R^+35 R^+42 R^+49 R^+56 Mean LSD 
Whole ear^ 
Check 208 1490 2056 2894 3714 2758 4377 3301 2600 
N 790 2853 5126 5547 7490 6244 7114 6582 5218 
P 325 1866 2816 4631 4316 4187 4662 4847 3456 
NP 749 3956 4895 5934 6835 6478 7113 6867 5353 
K . 531 1681 3215 3491 4735 3842 5182 3942 3327 
NK 778 3087 5038 5940 6948 7130 7296 6912 5392 
PK 536 2448 3538 4891 5378 5620 6650 5489 4319 
NPK 951 3566 5130 6041 7896 7676 8500 7754 5939 
Mean 608 2618 3977 4921 5914 5492 6362 5712 
LSD 1212 
^Sum of husks, shanks, silks, cobs, and grain. 
Table  B2.  Mean squares  f rom the  analys is  of  var iance  for  the  dry  weights  of  p lant  par ts  sampled 
f rom the  N-P-K exper iment  dur ing the  seed-f i l l ing  per iod of  1984 
Source  of  Ear  Ear  leaf  Whole  
var ia t ion  df  leaves  sheaths  Shanks^  Si lks^  Husks '^  Cobs^  Grain  ear^  
Rep 3  1 .03 0 .12 0 .03 0 .06 0 .05 0 .16 0 .25 0 .29 
N 1  139.40** 13.89** 27.94** 32.53** 62.43** 73.63** 109.85** 269.02** 
P 1  5.53 0 .75 1 .50 0 .00 3 .25 3 .44 14.30* 25.61* 
K 1  1 .03 0 .48 0 .01 1 .20 0 .00 5 .62 15.38* 22.09 
N*P 1  0.69 0 .09 0 .26 0-64 0 .83 1 .94 2 .33 5 .44 
N*K 1  1.04 0 .40 0 .10 0 .32 0 .90 0 .62 1 .13 2 .76 
P*K 1  0.22 0 .02 0 .04 0 .11 0 .13 0 .18 0 .67 1 .20 
N*P*K 1  0.83 0 .05 0 .00 0 .17 0 .00 0 .35 0 .13 0 .31 
Error  (a)  21 1 .90 0 .18 0 .40 0 .30 1 .12 1 .62 2 .39 5 .43 
Stage  (St )  7  66.52** 1 .91** 1 .26** 11.07** 3 .05** 31.21** 97.41** 123.60** 
N*St  7  0 .66 0 .25** 0 .16** 0 .71** 0 .25 1 .21** 4 .27** 5 .08** 
P*St  7  0 .36 0 .06 0 .10* 0 .06 0 .33* 0 .19 0 .67* 1 .08 
K*St  7  1 .10 0 .31** 0 .03 • 0 .32** 0 .13 0 .06 1 .02** 1 .14 
N*P*K*St  28  0 .35 0 .05 0 .03 0 .08 0 .09 0 .17 0 .20 0 .40 
Error  (b)  168 0 .65 0 .09 0 .05 0 .09 0 .13 0 .20 0 .31 0 .58 
10^ for  ac tual  mean squares .  
10^ for  ac tual  mean squares ,  
c  5  
X 10  for  ac tual  mean squares ,  
d  6  
X  10 f o r  a c t u a l  m e a n  s q u a r e s .  
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Table B3. Mean dry weights (kg/ha) of whole-plant parts 
sampled from the N-P-K experiment during the seed-
filling period of 1984^ 
Stage (days after silking) 
± ireat-
ment R^+0 R^+14 R^+28 R^+42 Rl+56 Mean LSD 
Leaves 
Check 1509 1729 1428 609 389 1133 381 
PK 2122 1992 1905 1124 580 1545 
NPK 2807 3013 2129 1283 591 1965 
Mean 2146 2245 1821 1005 520 
LSD 224 
Sheaths 
Check 891 1051 1019 731 681 875 229 
PK 1218 1200 1255 1072 819 1113 
NPK 1501 1682 1226 1254 912 1315 
Mean 1203 1311 1167 1019 804 
LSD 94 
Stalks 
Check 2695 4200 3165 2274 2089 2885 874 
PK 4377 5279 4973 3879 3004 4302 
NPK 5154 6929 4773 4665 3841 5072 
Mean 4075 5469 4304 3606 3841 5072 
LSD 473 
Tassels 
Check 196 189 180 77 49 138 46 
PK 233 184 185 101 62 153 
NPK 276 274 126 113 47 167 
Mean 235 216 164 97 53 
LSD 32 
Lower ears 
Check 9 12 8 2 11 8 11 
PK 27 12 10 12 12 15 
NPK 44 36 22 26 38 33 
Mean 27 20 13 13 20 
LSD 39 
^ean of two replications. 
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Table B3. (Continued) 
Treat­
ment R^+0 
Stage (days after silking) 
Rl+14 R^+28 R^+42 Rl+56 Mean LSD 
Husks 
Check 116 377 267 203 252 243 
PK 247 390 469 451 345 380 
NPK 465 724 568 535 640 586 
Mean 276 497 435 396 412 
LSD 295 
Shanks 
Check 15 56 49 33 34 37 
PK 38 58 93 78 60 65 
NPK 80 122 132 95 116 109 
Mean 44 79 91 69 70 
LSD 53 
Silks 
Check 42 55 36 17 17 33 
PK 69 59 40 29 18 43 
NPK 98 97 51 39 36 '  64 
Mean 70 70 42 28 24 
LSD 17 
Cobs 
Check 83 785 750 554 679 570 
PK 177 829 1153 1043 911 823 
NPK 250 1329 1154 1064 1191 998 
Mean 170 981 1019 887 927 
LSD 188 
Grain 
Check 0 340 1946 2153 2467 1381 
PK 0 493 3403 4670 3893 2492 
NPK 0 1059 4034 5239 5396 3146 








Table B3. (Continued) 
Treat- Stage (days after silking) 
ment B^+O Rl+14 *1+28 R^+42 R^+56 Mean 
Whole ears^ 
Check 256 1613 3048 2960 3449 2264 
PK 531 1829 5158 6271 5227 3803 
NPK 893 3331 5939 6972 7379 4903 
Mean 560 2258 4715 5401 5352 
LSD 990 
Whole plants^ 
Check 5556 8794 8848 6653 6668 7303 
PK 8508 10496 13486 12459 9704 10931 
NPK 10675 15265 14215 14313 12808 13455 







husks, shanks, silks, cobs, and grain, 
all individual parts. 
Table  B4.  Mean squares  f rom the  analys is  of  var iance  for  the  dry  weights  
(kg/ha)  of  whole-plant  par ts  sampled f rom the  N-P-K exper iment  
dur ing the  seed-f i l l ing  per iod of  1984 
Source  of  ^  be  Lower 
var ia t ion  df  Leaves  Sheaths  Sta lks  Tasse ls  ears  
Rep 1  0.13 0 .02 0 .15 0 .13 0 .04 
Fer t i l i ty  (F)  2  17 .28** 4 .87** 12.31** 2 .09 1 .64 
Check vs  o thers  1  25.73** 7 .68** 21.66** 3 .20 1 .60 
PK vs  NPK 1  8.83* 2 .05* 2 .97* 0 .98 1 .67 
Error  (a)  2  0 .14  0 .02 0 .06 0 .28 0 .41 
Stage  (St )  4  34.03** 2 .31** 5 .13** 35.98** 0 .18 
F*St  8  1 .41 0 .30 0 .27 2 .27 0 .05 
Error  (b)  12  0 .92 0 .33 0 .48 1 .33 0 .08 
10^ for  
^x  10^ for  
°x  10^ for  
ac tual  mean 
ac tual  mean 
ac tual  mean 
squares ,  
squares .  
squares .  
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Shanks^  Si lks '^  Husks^  Cobs^ Graln^  
-  Wholg  
ears  
Whole^  
p lant  
0 .21 0 .02 0 .19 0 .06 0 .10 0 .30 0 .75 
12.93 2 .50* 2 .99 4 .62* 7 .96* 17.56* 95.60** 
16.39* 2 .73* 3 .86 7 .71* 13.78** 29.07** 159.33** 
9 .47 2 .27* 2 .12 1 .53 2 .14* 6 .05* 31.87** 
0 .76 0 .08 0 .24 0 .09 0 .09 0 .27 0 .19 
1 .79 2 .99** 0 .39 7 .52** 21.50** 27.87** 14.92* 
0 .24 0 .19 0 .07 0 .35 1 .08 1 .45 1 .96 
0 .57 0 .11 0 .14 0 .44 0 .52 1 .08 4 .25 
353 
Table B5. Treatment means for the N, P, K, S, Ca, and Mg 
concentrations (%) of ear leaves sampled from the 




Stage (days after silking) 
R^+14 R^+28 R^+42 R^+56 Mean LSD 
N 
Check 1.62 1.15 0.66 0.55 0.50 0.90 
N 3.17 2.38 1.54 1.28 1.28 1.93 
P 1.83 1.35 0.79 0.72 0.74 1.08 
NP 3.18 2.50 1.54 1.46 1.38 2.01 
K 1.75 1.24 0.61 0.60 0.52 0.94 
NK 2.98 2.07 1.21 1.17 1.06 1.70 
PK 1.73 1.25 0.76 0.77 0.57 1.02 
NPK 2.85 2.02 1. 38 1.21 1.17 1.73 
Mean 2. 39 1.74 1.06 0.97 0.90 
LSD 0.17 
D 
Check 0.18 0.13 
sr 
0.07 0.07 0.05 0.10 
N 0. 35 0.28 0.14 0.09 0. 10 0.19 
P 0.26 0.22 0.15 0.12 0.11 0.17 
NP 0.37 0.29 0.19 0.16 0. 15 0.23 
K 0.18 0.13 0.05 0.03 0.03 0.08 
NK 0.29 0.20 0.08 0.07 0.06 0.14 
PK 0.22 0.21 0.10 0.11 0.09 0.14 
NPK 0.31 0.27 0.16 0.12 0.09 0.19 
Mean 0.27 0.22 0.12 0.10 0.09 
LSD 0.04 
ir 
Check 1.30 1. 33 
r\ 
1.04 0.63 0.25 0.91 
N 1.25 1.29 0.96 0.64 0. 36 0.90 
P 1.19 1.26 0.83 0.56 0.25 0.82 
NP 0.96 0.85 0.54 0.40 0.28 0.61 
K 2.23 2.24 2.01 1.49 0.60 1.71 
NK 2.33 2.45 1.96 1.28 0. 83 1.77 
PK 2.03 2.08 1.71 1.58 0.88 1.66 
NPK 2.02 2. 30 2.02 1.33 1.02 1.74 






Table B5. (Continued) 
Stage (days after silking) 
ment R^+0 R^+14 R^+28 R^+42 Rl+56 Mean 
Check 0.15 0.14 
S 
0.12 0.11 0.08 0.12 
N 0.19 0.18 0.15 0.12 0.13 0.16 
P 0.17 0.15 0.12 0.12 0.11 0.13 
NP 0.19 0.18 0.15 0.14 0.14 0.16 
K 0.15 0.12 0.09 0.09 0.08 0.11 
NK 0.20 0.16 0.12 0.12 0.11 0.14 
PK 0.13 0.13 0.09 0.10 0.08 0.11 
NPK 0.20 0.18 0.14 0.13 0.12 0.15 
Mean 0.17 0.15 0.12 0.12 0.11 
LSD 0.02 
Ça 
Check 0.64 0.71 0.81 0.69 0.67 0.70 
N 0.95 1.06 1.21 0.95 0.94 1.02 
P 0.94 0.99 1.19 0.91 0. 87 0.98 
NP 1.02 1.24 1.40 1.14 1.18 1.20 
K 0.63 0.57 0.72 0.61 0.60 0.63 
NK 0.68 0. 80 0.85 0.77 0.75 0.77 
PK 0.57 0.63 0.69 0.74 0.70 0.67 
NPK 0.80 0.93 0.99 0.86 1.01 0.92 
Mean 0.78 0.87 0.98 0.84 0.84 
LSD 0.12 
Mg 
Check 0.44 0.46 0.49 0.48 0.40 0.45 
N 0.88 0.88 0.99 0.71 0.68 0.83 
P 0.71 0.74 0.87 0.60 0.56 0.70 
NP 1.08 1.16 1.29 1.04 0.98 1.11 
K 0.28 0.25 0.29 0.25 0.23 0.26 
NK 0.40 0.39 0.38 0.33 0. 33 0.37 
PK 0.26 0.26 0.26 0.28 0.25 0.26 
NPK 0.52 0.49 0.48 0.39 0.42 0.46 






Table B6. Mean squares from the analysis of variance for the N, P, K, S, Ca, and 
Mg concentrations (%) of ear leaves sampled from the N-P-K experiment 
during the seed-filling period of 1984 
Source of 
variation df^ N pb Sd Ca^ Mg"^ 
Rep 2 (3) 0.17 0.16 0.07 0.66 0.01 0.08 
N 1 29.32** 12.03** 0. 14 41.07** 16.10** 22.44** 
P 1 0.35* 9.08** 4.22 1.61 7.65** 7.22** 
K 1 0.73** 3.47** 248.79** 7.68** 16.05** 56.90** 
N*P 1 0.06 0.26 0.61 0.00 0.00 0.30 
N*K 1 0.62** 0.41 2.41 0.96 0.37 4.38** 
P*K 1 0.07 0.00 1.63 0.21 1.33* 3.36* 
N*P*K 1 0.01 0.06 0.92 0.56 0.83 0.05 
Error (a) 14(21) 0.06 0.25 1.69 0.37 0.24 0.47 
Stage (St) 4 13.12** 16.13** 57.61** 18.63** 1.36** 0.85** 
N*St 4 0.70** 1.03** 0.62* 0.56* 0.15* 0.11 
P*St 4 0.02 0.08 1.26** 0.14 0.07 0.03 
K*St 4 0.02 0.04 2.98** 0.35 0.34** 0.38** 
N*P*K*St 16 0.01 0.06 0.35 0.16 0.06 0.05 
Error (b) 64(96) 0.03 0.05 0.24 0.17 0.05 0.07 
^Values within parentheses are degrees of freedom that apply for N where 4 
replications were analyzed. 
10' 2 for actual mean squares. 
^x 10" 1 for actual mean squares. 
^x 10' 3 for actual mean squares. 
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Tablé B7. Treatment means for the Mn, Fe, B, Cu, Zn, Al, and 
Na concentrations (|xg/g) of ear leaves sampled 
from the N-P-K experiment during the seed-filling 
period of 1984 
Treat- Stage (days after silking) 
ment R^+0 R^+14 R^+28 B^+42 R^+56 Mean LSD 
Check 39 37 49 49 .53 45 
N 74 74 80 62 60 70 
P 54 48 56 42 52 50 
NP 96 80 81 64 67 78 
K 43 31 38 37 37 37 
NK 56 63 60 55 49 56 
PK 34 33 33 36 37 35 
NPK 60 67 64 58 58 61 
Mean 57 54 57 50 52 
LSD 13 
Fe 
Check 101 128 105 65 130 106 
N 193 581 216 107 154 250 
P 169 243 214 83 226 187 
NP 206 517 200 111 115 2 30 
K 169 219 173 125 110 159 
NK 207 493 135 123 112 214 
PK 130 122 85 91 62 98 
NPK 240 311 134 138 136 192 
Mean 177 327 158 105 131 
LSD 54 
B 
Check 7.7 . 11.0 15.0 9.3 8.7 10.3 
N 9.7 12.7 15.0 9.7 10.0 11.4 
P 7.3 12.0 14.7 10.3 9.3 10.7 
NP 9.7 12.0 11.7 8.7 10.0 10.4 
K 10.3 12.0 14.7 10.0 8.7 11.1 
NK 10.3 11.7 12.0 8.7 10.0 10.5 
PK 7.0 10.3 11.0 8.7 9.7 9.3 
NPK 9.7 12.0 11.0 9.0 9.0 10.1 
Mean 9.0 11.7 13.1 9.3 9.4 
LSD 1.9 
Cu 
Check 2.7 2.7 2.3 2.3 3.0 2.6 
N 11.3 10.3 10.3 7.0 6.3 9.1 
P 5.3 4.7 4.0 2.7 3.7 4.1 
NP 10.3 9.0 8.3 6.3 6.7 8.1 
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Table B7. (Continued) 
Stage (days after silking) Treat-
ment R^+0 R^+14 R^+28 R^+42 R^+56 Mean LSD 
K 5.7 4.3 3.3 2.3 2.0 3.7 
NK 11.7 8.7 7.0 5.3 4.7 7.5 
PK 4.0 3.0 1.7 2.0 1.3 2.4 
NPK 9.7 8.7 7.7 5.0 6.0 7.4 




Check 21 23 23 24 20 22 
N 42 45 44 37 40 41 
P 22 23 20 16 19 20 
NP 43 41 28 23 25 32 
K 25 20 15 13 12 17 
NK 34 34 23 18 20 26 
PK 18 20 13 15 13 16 
NPK 40 35 23 17 16 26 
Mean 31 30 24 20 21 
LSD 6 
A1 
Check 63 100 106 73 151 99 
N 98 614 173 92 147 225 
P 122 189 179 90 258 168 
NP 102 530 151 99 95 195 
K 109 181 171 167 134 152 
NK 111 499 131 124 114 196 
PK 117 107 101 116 82 105 
NPK 178 343 193 158 156 206 
Mean 122 320 151 115 142 
LSD 59 
Na 
Check 5.7 7.0 6.3 6.3 12.0 7.5 
N 14.3 27.7 13.0 11.0 19.0 17.0 
P 10.3 11.3 14.3 8.3 26.7 14.2 
NP 13.7 20.3 12.0 11.3 22.0 15.9 
K 11.7 13.7 13. 3 14.7 21.7 15.0 
NK 11.3 23.0 14.0 14.3 12.7 15.1 
PK 14.7 12.7 14.0 15.3 19.0 15.1 
NPK 13.0 14.3 6.0 13.0 5.7 10.4 




Table B8. Mean squares from the analysis of variance for the Mn, Fe, B, Cu, Zn, 
Al, and Na concentrations (ng/g) of ear leaves sampled from the N-P-K 
experiment during the seed-filling period of 1984 
Source of 
variation df Mn® Feb B Cu Zn*^ Alb Na^ 
Rep 2 2.50** 0.24 12.48 6.41 0.54 0.41 0.16 
N 1 17.81** 21.25** 1.63 696.01** 48.39** 16.74** 0.80 
P 1 0.45 0.01 14.70 1.41 3.01* 0.00 0.02 
K 1 5.36** 2.25* 5.63 15.41 17.48** 0.14 0.02 
N*P 1 0.21 0.73 0.00 2.41 0.53 0.32 3.01 
N*K 1 0.06 0.28 0.53 6.08 2.95* 0.02 4.72* 
P*K 1 0.21 3.87* 4.80 7.01 2.03 1.13 1.93 
N*P*K 1 0.04 3.72* 14.70 25.21* 1.59 4.55* 0.18 
Error (a) 14 0.26 0.48 5.65 3.85 0.62 0.58 0.80 
Stage (St) 4 0.24** 18.03** 80.17** 55.35** 6.05** 18.07** 1.87** 
N*St 4 0.40** 8.97** 9.22** 9.03** 1.46** 14.69** 1.85** 
P*St 4 0.07 0.53 4.83* 1.05 0.45* 0.69 0.28 
K*St 4 0.11 1.39** 5.51** 3.97** 0.63* 1.65* 0.83 
N*P*K*St 16 0.08 0.53 1.24 1.51* 0.25 0.63 0.20 
Error (b) 64 0.05 0. 32 1.43 0.79 0.18 0.55 0.37 
10^ for actual mean squares. 
^x 10^ for actual mean squares, 
c 2 
x 10 for actual mean squares. 
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Table B9. Treatment means for the N, P, K, S, Ca, and Mg con­
centrations (%) of grain sampled from the N-P-K 
experiment during the seed-filling period and at 
harvest of 1984 
Treat­
ment R^+14 
Stage (days after silking) 
R^+21 Rl+28 R^+35 Harvest Mean LSD 
N 
Check 2.38 1.49 1.22 1.12 1.08 1.46 
N 2.43 1.84 1.75 1.72 1. 51 1.85 
P 2.19 1.57 1.18 1.10 1.03 1.41 
NP 2.15 1.68 1.74 1.65 1.60 1.76 
K 1.93 1.28 1.18 1.02 1.03 1.29 
NK 2.39 1.80 1.62 1.50 1.55 1.77 
PK 1.97 1.26 1.10 1.02 1. 01 1.27 
NPK 2.06 1.69 1.62 1.55 1. 55 1.69 
Mean 2.19 1.58 1.42 1.33 1.29 
LSD 0.12 
•D 
Check 0.37 0.28 
r 
0.24 0.23 0. 19 0.26 
N 0.35 0.29 0.27 0.26 0. 21 0.28 
P 0. 36 0.29 0.26 0.24 0. 22 0.28 
NP 0.31 0.26 0.28 0.26 0. 23 0.27 
K 0.28 0.20 0.18 0.16 0.14 0.19 
NK 0.35 0.25 0.23 0.23 0. 21 0.25 
PK 0.34 0.28 0.25 0.22 0. 23 0.27 
NPK 0.33 0.27 0.27 0.24 0.25 0.27 
Mean 0.34 0.27 0.25 0.23 0. 21 
LSD 0.03 
tr 
Check 1.28 0.74 
n. 
0.56 0.44 0. 33 0.67 
N 1.06 0.72 0.57 0.48 0. 35 0.64 
P 1.04 0.74 0.52 0.44 0. 33 0.61 
NP 0.90 0.61 0.50 0.45 0. 36 0.56 
K 1.02 0.54 0.46 0.37 0. 31 0.54 
NK 1.16 0.64 0.54 0.46 0. 38 0.54 
PK 1.10 0.66 0.50 0.41 0. 36 0.61 
NPK 1.00 0.63 0.52 0.45 0.41 0.60 






Table B9. (Continued) 
Treat­
ment R^+14 
Stage (days after silking) 
R^+21 R^+28 R^+35 Harvest Mean LSD 
Check 0.20 0.15 0.13 0.12 0. 10 0.14 
N 0.19 0.17 0.15 0.14 0. 13 0.16 
P 0.17 0.13 0.11 0.10 0. 10 0.12 
NP 0.18 0.15 0.14 0.14 0. 13 0.15 
K 0.16 0.12 0.11 0.09 0. 10 0.12 
NK 0.19 0.15 0.13 0.12 0. 12 0.14 
PK 0.17 0.12 0.10 0.09 0.09 0.11 
NPK 0.18 0.14 0.13 0.12 0. 12 0.14 
Mean 0.18 0.14 0.12 0.11 0. 11 
LSD 0.01 
Ça 
Check 0.06 0.02 0.01 0.01 0.01 0.02 
N 0.04 0.01 0.01 0.01 0.01 0.02 
P 0.03 0.02 0.01 0.01 0.01 0.02 
NP 0.02 0.01 0.01 0.01 0.01 0.01 
K 0.03 0.01 0.01 0.01 0.01 0.01 
NK 0.03 0.02 0.01 0.01 0.01 0.01 
PK 0.03 0.02 0.01 0.01 0.01 0.02 
NPK 0.02 0.01 0.01 0.01 0.01 0.01 
Mean 0.03 0.01 0.01 0.01 0.01 
LSD 0.01 
Mg 
Check 0.19 0.12 0.12 0.10 0.09 0.13 
N 0.18 0.13 0.13 0.12 0.10 0.13 
P 0.16 0.12 0.11 0.11 0.10 0.12 
NP 0.14 0.11 0.11 0.11 0.10 0.11 
K 0.13 0.09 0.09 0.08 0.07 0.09 
NK 0.16 0.11 0.11 0.10 0.10 0.11 
PK 0.14 0.11 0.10 0.09 0.09 0.11 
NPK 0.14 0.11 0.11 0.10 0.11 0.12 





Table BiO. Mean squares from the analysis of variance for the N, P, K, S, Ca, and 
Mg concentrations (%) of grain sampled from the N-P-K experiment during 
the seed-filling period and at harvest of 1984 
Source of 
variation df^ P"^ Rd S^ Ca® Mg(^ 
Rep 2 (3) 0.22 0.52 0.02 0.15 0.03 0.02 
N 1 67.69** 11.02* 0.03 16.80** 2.70* 1.14 
P 1 1.28 19.00** 1.66 1.76* 2.13* 0.07 
K 1 5.42** 18.50** 1.80 5.60** 1.20 5.20** 
N*P 1 0.27 9.90* 2.49 0.05 0.03 1.02 
N*K 1 0.64 6.90* 5.85* 0.12 0.83 1.84* 
P*K 1 0.04 14.30** 5.00* 0.65 1.20 2.71** 
N*P*K 1 0.01 2.00 1.34 0.27 0.30 0.00 
Error (a) 14(21) 0.33 1.42 0.83 0.26 0.44 0.28 
Stage (St) 4 42.62** 56.61** 190.60** 19.27** 24.80** 13.40** 
N*St 4 2.27** 1.90** 1.57**' 0.45** 1.20** 0.20 
P*St 4 0.49 2.03** 1.93** 0.05 2.13** 0.71** 
K*St 4 0.35 0.93* 1.03* 0.09 0.53 0.28 
N*P*K*St 16 0.28 0.29 0.53 0.11* 0.30 0.10 
Error (b) 64(96) 0.26 0. 36 0.29 0.06 0.28 0.14 
^Values within parentheses are degrees of freedom that apply for N where 4 
replications were analyzed. 
10" 1 for actual mean squares. 
"^x 10" 3 for actual mean squares. 
^x 10" 2 for actual mean squares. 
®x 10" 4 for actual mean squares. 
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Table Bll.  Treatment means for the Mn, Fe, B, Cu, Zn, Al, and 
and Na concentrations (fig/g) of grain sampled 
from the N-P-K experiment during the seed-filling 
period and at harvest of 1984 
Treat- Stage (days after silking) '  
ment R^+14 R^+21 R^+28 R^+35 Harvest Mean LSD 
Mn 
Check 16.0 7.0 6.0 5.3 4.0 7.7 
n 11.0 6.7 6.3 5.7 4.3 6.8 
p 10.0 7.3 5.3 4.7 4.3 6.3 
np 8.7 6.3 5.7 6.0 5.3 6.4 
k 11.0 6.3 5.0 4.7 4.0 6.2 
nk 11.7 6.7 6.0 5.0 4.7 6.8 
pk 10.0 7.0 5.7 4.3 4.7 6.3 
npk 9.3 7.0 5.7 5.0 5.0 6.4 
Mean 11.0 6.8 5.7 5.1 4.5 
LSD 1.2 
Fe 
Check 29.7 25.3 22.0 20.0 18.7 23.1 
n 28.0 22.7 27.7 25.3 23.0 25.3 
p 22.3 21.3 20.7 19.0 16.3 19.9 
np 56.5 23.3 26.0 25.7 24.0 29.3 
k 24.0 19.3 22.7 18.0 16.3 20.1 
nk 33.7 33.5 26.3 25.0 24.0 28.1 
pk 31.3 20.7 18.7 18.0 17.7 21.3 
npk 24.0 24.7 25.3 22.3 25.7 24.4 
Mean 30.1 23.4 23.7 21.7 20.7 
LSD 5.3 
B 
Check 8.0 4.3 3.7 3.3 2.0 4. 3 
n' 6.7 3.7 3.3 3.0 3.0 3.9 
p 6.3 4.0 3.0 3.3 3.3 4.0 
np 5.7 3.3 3.0 3.0 3.0 3.6 
k 5.3 3.3 3.3 2.7 3.7 3.7 
nk 6.0 3.3 3.3 2.3 2.3 3.5 
pk 6.0 3.7 3.0 2.0 3.0 3.5 
npk 5.7 3.7 4.0 2.7 3.3 3.9 
Mean 6.2 3.7 3.3 2.8 3.0 
LSD 0.7 
Cu 
Check 4.0 2.0 2.0 2.0 1.7 2.3 
n 5.3 2.7 2.7 2.0 2.0 2. 9 
p 3.3 2.3 1.7 1.7 1.0 2.0 
np 3.3 2.3 2.0 2.0 2.0 2.3 
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Table BU. (Continued) 
Treat- Stage (days after silking) 
ment R^+14 R^+21 R^+28 R^+35 Harvest Mean LSD 
K 3.0 2.0 2.0 2.0 2.0 2.2 
NK 4.7 2.7 2.0 2.0 2.0 2.7 
PK 2.7 2.3 1.7 1.0 1.0 1.7 
NPK 3.7 2.7 2.0 2.0 2.0 2.5 
Mean 3.8 2.4 2.0 1.8 1.7 
LSD 0.5 
Zn 
Check 38.3 27.7 25.3 23.7 21.3 27.3 
N 33.7 24.3 26.7 23. 3 22.0 26.0 
P 29.3 26.0 23.3 21.0 20.3 24.0 
MP 34.0 24.0 23.7 23.0 22.7 25.5 
K 30.0 29.0 24.3 22.3 21.0 25.3 
NK 31.3 27.3 24.3 22.7 21.0 25.3 
PK 43.0 26.0 22.3 21.3 21.0 26.7 
NPK 37.7 24.3 22.7 21.0 22.0 25.5 
Mean 34.7 26.1 24.1 22. 3 21.4 
LSD 3.5 
Check 9.7 8.3 12.0 9.7 12.7 10.5 
N 9.7 7.3 7.7 8.3 9.0 8.4 
P 6.0 10.0 7.0 7.7 9.0 7.9 
NP 9.7 9.3 9.7 8.3 9.3 9.3 
K 14.3 12.7 14.3 9.3 8.3 11.8 
NK 10.7 8.0 11.3 7.3 5.0 8.5 
PK 6.7 8.0 6.7 12.3 8.0 8.3 
NPK 11.0 7.7 8.3 10.7 8.3 9.2 
Mean 9.7 8.9 9.6 9.2 8.7 
LSD 2.7 
Na 
Check 5.3 4.3 2.3 3.3 4.7 4.0 
N 3.7 2.3 2.7 3.0 4.0 3.1 
P 6.7 4.0 3.0 4.0 5.7 4.7 
NP 5.3 3.3 2.7 4.0 4.3 3.9 
K 4.0 5.0 3.3 3.3 4.7 4.1 
NK 3.7 4.0 3.7 4.3 2.0 3.5 
PK 9.3 4.0 3.0 6.7 2.0 5.0 
NPK 8.3 2.7 3.3 5.3 2.0 4.3 
Mean 5.8 3.7 3.0 4.3 3.7 
LSD 1.4 
Table B12. Mean squares from the analysis of variance for the Mn, Fe, B, Cu, Zn, 
Al, and Na concentrations (fig/g) of grain sampled from the N-P-K 
experiment during the seed-filling period and at harvest of 1984 
Source of 
variation df^ Mn^ Fe^ B Cu Zn^ Al^ Na^ 
Rep 2 0.98* 0.35 1.16 0.06 6.08 1.05 0.41 
N 1 0.00 9.34** 0.68 8.53** 0.19 1.92 1.47 
P 1 0.75 0.08 0.21 4.80** 0.91 3.63 1.92* 
K 1 0.40 0.24 3.01 0.53 0.01 0.56 0.27 
N*p 1 0.03 0.08 0.41 0.00 0.44 10.83* 0.00 
N*K 1 0.40 0.00 1.41 0.13 0.37 0.56 0.03 
P*K 1 0.40 0.18 1.41 0.13 5.47 0.21 0.01 
N*P*K 1 0.40 2.70* 0.68 0.53 2.90 0.12 0.01 
Error (a) 14 0.24 0.46 0.69 0.33 2.00 1.23 0.32 
Stage (St) 4 15.82** 3.19** 46.56** 16.56** 67.88** 0.45 2.66** 
N*St 4 0.53** 0.10 0.32 0.47* 1.02 0.75 0.26 
P*St 4 1.16** 0.26 0.77 0.90** 2.45 2.17 1.48* 
K*St 4 0.10 0.25 1.65* 0.35 1.03 1.91 1.07 
N*P*K*St 16 0.18 0.81* 0.76 0.35* 2.05 0.88 0.27 
Error (b) 64 0.14 0.39 0.60 0.16 2.52 0.93 0.58 
^Error (b) source of variation for Fe has 62 df due to 2 missing values. 
10 for actual mean squares. 
c 2 X 10 for actual mean squares. 
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Table  B13.  Treatment  means  for  the  N,  P ,  K,  S ,  Ca,  and Mg concentra t ions  
(%) of  the  outer ,  middle ,  and inner  husks  sampled f rom the  
N-P-K exner iment  a t  56 days  a f ter  s i lk ing in  1984 
Treatment  Pos i -
t ion  Check N P  NP K NK PK NPK Mean LSD 
0  0 .34 0 .64 0 .35 0 .61 
N 
0 .33 0 .54 0 .31 0 .61 0 .47 
M 0 .36 0 .64 0 .33 0 .46 0 .36 0 .44 0 .25 0 .39 0 .40 
I  0 .53 0 .58 0 .42 0 .45 0 .46 0 .41 0 .33 0 .51 0 .46 
Mean 0 .41  0 .62 0 .37 0 .51 0 .38 0 .46 0 .30 0 .50 
LSD 0 .04 
0  0 .04 0 .05 0 .06 0 .07 0 .0?  0 .03 0 .05 0 .06 0 .05 
M 0 .04 0 .04 0 .05 0 .04 0 .02 0 .03 0 .04 0 .04 0 .04 
I  0 .06 0 .04 0 .06 0 .04 0 .04 0 .03 0 .04 0 .03 0 .04 
Mean 0 .05 0 .04 0 .06 0 .04 0 .03 0 .03 0 .04 0 .04 
LSD 0 .01 
0 . 1 6  
0 0 .38 0 .40 0 .38 0 .33 
M 0 .58 0 .43 0 .54 0 .40 
I  0 .55 0 .34 0 .45 0 .29 
Mean 0 .50 0 .39 0 .46 0 .34 
LSD 0 .04 
0  0 .05 0 .06 0 .04 0 .05 
M 0 .04 0 .05 0 .03 0 .03 
I  0 .06 0 .06 0 .03 0 .04 
Mean 0 .05 0 .06 0 .03 0 .04 
LSD 0 .02 
0  0 .14 0 .20 0 .16 0 .21 
M 0 .11 0 .14 0 .12 0 .14 
I  0 .11 0 .14 0 .12 0 .13 
Mean 0 .12 0 .16 0 .13 0 .16 
LSD 0 .01 
0  0 .14 0 .20 0 .15 0 .20 
M 0 .14 0 .17 0 .12 0 .14 
I  0 .16 0 .17 0 .13 0 .14 
Mean 0 .15 0 .18 0 .13 0 .16 
LSD 0 .01 
0 . 0 2  
K 
0 .50 0 .51 0 .56 0 .59 0 .46 0 .12 
0 .53 0 .57 0 .74 0 .63 0 .55 
0 .51 0 .42 0 .67 0 .43 0 .46 
0 .51 0 .50 0 .66 0 .55 
S 
0 .03 '  0 .08 0 .05 0 .07 0 .05 0 .02 
0 .03 0 .06 0 .07 0 .07 0 .05 
0 .04 0 .07 0 .05 0 .05 0 .05 
0 .03 0 ,07 0 .06 0 .06 
Ça 
0 .13 0 .16 0 .15 0 .18 0 .17 0 .02 
0.10 0.12 0.11 0.12 0.12 
0.09 0 .12 0 .11 0 .12 0 .12 
0 .11 0 .13 0 .12 0 .14 
Mq 
0 .11  0 .12 0 .10 0 .13 0 .14 0 .02 
0 .11 0 .12 0 .09 0 .10 0 .12 
0 .12 0 .13 0 .09 0 .11 0 .13 
0 .11 0 .12 0 .09 0 .11 
Table B14. Mean squares from the analysis of variance for the N, P, K, S, Ca, and 
Mg concentrations {%) of outer, middle, and inner husks sampled from 
the N-P-K experiment at 56 days after silking in 1984 
Source of 
variation df^ pC Kb Ca^ Mg*^ 
Rep 3 (2) 0.44 0.10 2.69 0.03 0.12 0.33 
N 1 61.76** 0.07 17.51** 3.47** 19.55** 11.25** 
P 1 6.30 1.67 1.50 0.67 1.75 6.02** 
K 1 10.27 4.54* 42.67** 2.45* 9.40** 46.82** 
N*P 1 0.35 0.07 1.40 0.80 0.55 0.10 
N*K 1 0.57 0.10 1.93 1.09 0.76 1.20 
P*K 1 1.65 0.34 12.18* 2.22* 0.08 0.00 
N*P*K 1 5.90 0.00 1.26 0.94 0.03 0.42 
Error (a) 21(14) 3.67 0.65 1.86 0.38 0.56 0.67 
Position (Pos) 2 3.74** 0.78** 9.53** 0.15 22.52** 2.56** 
N*Pos 2 9.09** 1.45** 6.19** 0.27 1.51** 1.66** 
P*Pos 2 2.15* 1.07** 0.40 0.82 0.56* 1.80** 
K*Pos 2 0.53 0.02 1.00 0.22 0.07 1.07** 
N*P*K*Pos 8 0.59 0.06 0.53 0.07 0.09 0.28 
Error (b) 48(32) 0.66 0.13 0.62 0.65 0.16 0.18 
^Values within parentheses are degrees of freedom that apply for S where 3 
replications were analyzed. 
10 ^ for actual mean squares. 
c ""3 X 10 for actual mean squares. 
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Table  B15.  Treatment  means  for  the  Mn,  Fe ,  B,  Cu,  Zn,Al ,  and Na concen­
t ra t ions  ( | J ,g /g)  of  the  outer ,  middle ,  and inner  husks  sampled 
f rom the  N-P-K exper iment  a t  56 days  a f ter  s i lk ing in  1984 
.  Treatment  
Pos i  
t ion  Check N P"  NP K NK PK NPK Mean LSD 
Mn 
0  24 20 16  22 19  19 19 22 20 6  
M 16  12 10 12 12 12 10 12 12 
I  15 12 12 11 12 12 10 12 12 
Mean 18  15 13 15 14 14 13 15 
LSD 1  
Fe 
0  101 55 48 56 47 56 61  55 60 33 
M 73 34 32 29 51  30 30 32 39 
I  48 25 29 22 36 20 21 20 28 
Mean 74 38 36 36 45 35 37 36 
LSD 9  
B 
0  5 .3  6 .8  5 .0  6 .3  4 .3  5 .3  4 .5  5 .5  5 .4  1  
M 5 .5  5 .0  5 .0  4 .8  4 .5  5 .0  4 .5  4 .3  4 .8  
I  6 .3  5 .3  5 .0  4 .3  4 .8  4 .3  4 .5  4 .3  4 .9  
Mean 5 .7  5 .7  5 .0  5 .1  4 .5  4 .9  4 .5  4 .7  
LSD 0 .3  
CU 
0  0 .8  2 .0  1 .0  2 .5  3 .8  3 .5  1 .5  2 .5  2 .2  0  
M 1 .0  1 .5  2 .5  2 .5  3 .5  2 .8  1 .3  2 .5  2 .2  
I  1 .3  1 .0  1 .0  1 .5  5 .0  1 .8  1 .3  1 .8  1 .8  
Mean 1 .0  1 .5  1 .5  2 .2  4 .1  2 .7  1 .4  2 .3  
LSD 0 .3  
Zn 
0  23.3  11 .0  13.0  9 .3  19.0  8 .5  13.5  10.0  13.5  2 
M 21 .0  8 .8  12.3  6 .3  17.0  7 .0  12.8  5 .0  11.3  
I  22.3  9 .3  14.0  5 .5  19.0  6 .5  14.5  7 .0  12.3  
Mean 22 .2  9 .7  13.1  7 .0  18.3  7 .3  13.6  7 .3  
LSD 0 .9  
M 
0 152 75 56 93 139 107 81 97 100 54 
M 113 47 37 38 152 80 68 84 77 
I  77 29 42 35 108 55 48 49 55 
Mean 114 50 45 55 133 81 66 77 
LSD 20 
Na 
0  15.8  13.5  6 .5  5 .0  13.5  7 .3  16.3  8 .8  10.8  5  
M 19 .5  14.0  5 .3  4 .8  11.8  7 .8  15.8  9 .0  11.0  
I  21.5  14.0  8 .8  6 .3  11.3  8 .3  20.3  10.8  12.7  
Mean 18 .9  13.8  6 .9  5 .4  12.2  7 .8  17.5  9 .5  
LSD 1 .8  
Table B16. Mean squares from the analysis of variance for the Mn, Fe, B, Cu, Zn, 
Al, and Na concentrations (jig/g) of outer, middle, and inner husks 
sampled from the N-P-K experiment at 56 days after silking in 1984 
Source of 
variation df Mn^ Fe^ B Cu Al^ Na^ 
Rep 3 5.87 1.22 0.43 1.01 0.04 0.51 0.30 
N 1 0.02 3.49 0.51 0.67 19.26** 1.33 5.37** 
P 1 5.40 3. 30 3.01 6.00** 4.08** 2.74* 2.77* 
K 1 2.20 1.50 12.76** 26.04** 0.42 1.24 0.06 
N*P 1 9.60 2.74 0.01 9.38** 1.87** 2.84* 0.00 
N*K 1 1.50 0.99 0.26 4.17* 0.03 0.02 0.50 
P*K 1 4.04 1.58 1.76 28.17** 0.74* 0.01 11.41** 
N*P*K 1 1.50 1.09 0.09 7.04** 0.04 0.02 0.75 
Error ( a) 21 4.98 1.48 1.40 0.73 0.11 0.40 0.39 
Position (Pos) 2 71.80** 8.54** 3.01** 1.50* 0.38** 1.59** 0.32 
N*Pos 2 0.75 0.08 7.01** 4.54** 0.17** 0.06 0.05 
P*Pos 2 0.32 0.12 0.64 1.63* 0.00 0.06 0.11 
K*Pos 2 0.01 0.04 0.39 1.04 0.01 0.13 0.04 
N*p*K*Pos 8 0.57 0. 33 0.34 0.84 0.03 0.06 0.08 
Error (b) 48 0.46 0.34 0.40 0.40 0.03 0.15 0.13 
10 for actual mean squares, 
^x 10^ for actual mean squares, 
c 2 
X 10 for actual mean squares, 
d 4 X 10 for actual mean squares. 
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Table B17. Mean N, P, K, S, Ca, and Mg concentrations (%) 
of husk samples taken from the N-P-K experiment 
during the seed-filling period of 1984 
Stage (days after silking) 
Treatment R^+0 R^+28 R^+56 Mean LSD 
N 
Check 1.06 0.48 0136 0.63 0.38 
PK 1.14 0.33 0.26 0.58 
NPK 0.87 0.76 0.53 0.72 
Mean 1.02 0.52 0.38 
LSD 0.07 
P 
Check 0.21 0.07 0.04 0.11 0.05 
PK 0.28 0.09 0.04 0.14 
NPK 0.17 0.12 0.05 0.11 
Mean 0.22 0.09 0.04 
LSD 0.08 
K 
Check 1.06 0.55 0.45 0.69 0.21 
PK 1.37 0.75 0.62 0.91 
NPK 0.90 0.73 0.53 0.72 
Mean 1.11 0.67 0.53 
LSD 0.21 
S 
Check 0.10 0.05 0.05 0.07 0.03 
PK 0.10 0.04 0.06 0.07 
NPK 0.08 0.07 0.06 0.07 
Mean 0.09 0.05 0.06 
LSD 0.01 
Ça 
Check 0.08 0.12 0.12 0.11 0.04 
PK 0.07 0.11 0.13 0.10 
NPK 0.10 0.09 0.15 0.11 
Mean 0.08 0.10 0.13 
LSD 0.07 
Mg 
Check 0.14 0.16 0.14 0.15 0.01 
PK 0.13 0.11 0.09 0.11 
NPK 0.14 0.12 0.12 0.13 
Mean 0.14 0.13 0.12 
LSD 0.03 
Table B18. Mean squares from the analysis of variance for the N, P, K, S, Ca, and 
Mg concentrations (%) of husk samples taken from the N-P-K experiment 
during the seed-filling period of 1984 
Source of 
variation df N® pb S^ Ca^ MgC 
Rep 1 0.12 0.01 0.00 0.09 0.02 0.02 
Fertility (F) 2 0.30* 0.16 0.89 0.11* 0.16 2.02 
Check vs others 1 0.01 0.17 0.68 0.14* 0.01 3.21* 
PK vs NPK 1 0.59* 0.14 1.10 0.08 0. 30 0.83 
Error (a) 2 0.01 0.10 0.07 0.01 0.42 0.16 
Stage (St) 2 6.79* 4.93** 5.44** 2.71* 4.04 0.44 
F*St 4 0.69 0.32 0.32 0.36 0.64 0.31 
Error (b) 6 0.72 0.14 0.23 0.32 0.97 0.09 
^x 10" 1 for actual mean squares. 
bx 10" 2 for actual mean squares. 
^x 10" 3 for actual mean squares. 
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Table B19. Mean Mn, Fe, B, Cu, Zn, Al ,  and Na concentrations 
(fig/g) of husk samples taken from the N-P-K ex­
periment during the seed-filling period of 1984 
Stage (days after silking) 
Treatment R^+0 R^+28 R^+56 Mean LSD 
Mn 
Check 9.5 14.0 17.0 13.5 3.2 
PK 11.0 12.0 13.5 12.2 
NPK 14.5 13.0 15.0 14.2 
Mean 11.7 13.0 15.2 
LSD 4.2 
Fe 
Check 61 58 51 57 21 
PK 42 36 31 36 
NPK 70 78 42 63 
Mean 58 57 41 
LSD 21 
B 
Check 5.5 6.5 5.5 5.8 1.0 
PK 5.5 4.0 4.5 4.7 
NPK 6.0 5.0 5.0 5.3 
Mean 5.7 5.2 5.0 
LSD 2.1 
Cu 
Check 2.5 2.0 1.0 1.8 0.7 
PK 3.0 1.0 1.0 1.7 
NPK 4.0 3.0 2.0 3.0 
Mean 3.2 2.0 1.3 
LSD 1.0 
Check 30 23 21 25 9 
PK 35 20 13 23 
NPK 19 16 9 15 
Mean 28 20 14 
LSD 5 
M 
Check 45 67 78 63 167 
PK 125 219 59 134 
NPK 39 56 92 62 
Mean 70 114 76 
LSD 149 
Na 
Check 29 18 15 21 9 
PK 10 16 20 15 
NPK 13 17 11 14 
Mean 17 17 15 
LSD 16 
Table B20. Mean squares from the analysis of variance for the Mn, Fe, B, Cu, Zn ,  
Al, and Na concentrations (fig/g) of husk samples taken from the N-P-K 
experiment during the seed-filling period of 1984 
Source of ,  ,  
variation df Mn Fe B Cu Zn Al Na 
Rep 1 1.61 0.19 0.06 0.50 0.29 0.05 0.22 
Fertility (F) 2 0.62 1.17 2.06 3.17* 1.68* 1.02 0.91 
Check vs others 1 0.04 0.17 2.78 1.00 1.44* 0.49 1.69 
PK vs NPK 1 1.20 2.16* 1. 33 5.33* 1.92* 1.56 0.12 
Error (a) 2 0.29 0.07 0.72 0.17 0.04 0.36 0.43 
Stage (St) 2 1.87 0.52 0.72 5.17** 2.90* 0.34 0.06 
F*St 4 0.76 0.15 0.89 0.33 0.35 0.58 0.89 
Error (b) 6 0.53 0.23 0.50 0.28 0.37 1.41 0.37 
10 for actual mean squares. 
^x 10^ for actual mean squares. 
10^ for actual mean squares. 
^x lo'^ for actual mean squares. 
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Table B21. Mean N, P, K, S, Ca, and Mg concentrations (%) 
of the top, middle, and bottom leaves of whole 
plants sampled from the N-P-K experiment during 
the seed-filling period of 1984 
Treat- Posi- Stage (days after silking) 
ment tion R^+0 R^+l4 R^+28 R^+42 R^+56 Mean LSD^ 
N 
Check T 1.92 1.50 1.05 0.88 0.83 1.24 
M 1.65 1.20 0.66 0.53 0.54 0.91 
B 1.10 0.90 0.49 0.49 0.58 0.71 
Mean 1.56 1.20 0.73 0.63 0.65 0.95 
PK T 2.04 1.81 1.15 1.05 0.96 1.40 
M 1.86 0.98 0.82 0.90 0.55 1.02 
B 1.12 0.58 0.47 0.56 0.52 0.65 
Mean 1.67 1.12 0.81 0.84 0.68 1.02 
NPK T 2.88 2.47 1.58 1.23 1.13 1.86 
M 2.91 2.10 1.24 1.08 1.09 1.68 
B 2.51 1.12 1.13 0.79 0.93 1.30 
Mean 2.77 1.90 1.32 1.03 1.05 1.61 
LSD^ 0.12 
Mean 2.00 1.40 0.95 0.83 0.79 
LSDC 0.23 
Check T 0.20 0.16 
P 
0.11 0.09 0.09 0.13 
M 0.17 0.13 0.06 0.06 0.06 0.09 
B 0.12 0.05 0.04 0.05 0.08 0.07 
Mean 0.16 0.11 0.07 0.06 0.07 0.10 
PK T 0.25 0.22 0.16 0.16 0.22 0.20 
M 0.23 0.19 0.11 0.12 0.08 0.14 
B, 0.14 0.08 0.06 0.06 0.06 0.08 
Mean 0.21 0.16 0.11 0.11 0.12 0.14 
NPK T 0.34 0.30 0.23 0.19 0.14 0.24 
M 0.32 0.27 0.16 0.14 0.10 0.19 
B 0.26 0.12 0.08 0.07 0.09 0.12 
^LSD for the comparison of 
similar subsequent tables. 
^LSD for the comparison of 
all similar subsequent tables. 
^SD for the comparison of 
all similar subsequent tables. 
stage means here and in all 
position means here and in 
treatment means here and in 
Table B21. (Continued) 
Treat- Posi- Stage (days after silking) 


















































































































0.13 0.15 0.01 
0.10 0.13 
0 .08  0 .12  
0.10 0.13 










Table B21. (Continued) 
Treat- Posi-
ment tion 
Stage (days after silking) 
R^ +0 
Check T 0.52 0.63 
M 0.71 0.74 
B 1.12 1.07 
Mean 0.78 0.81 
PK T 0.43 0.48 
M 0.58 0.59 
B 0.89 0.93 
Mean 0.63 0.66 
NPK T 0.65 0.86 
M 0.78 0.97 
B 1.06 1.26 
Mean 0.83 1.03 
LSD° 0.04 
Mean 0.75 0.83 
LScF 0.22 
Check T 0.28 0.33 
M 0.51 0.50 
B 0.88 0.84 
Mean 0.56 0.56 
PK T 0.16 0.16 
M 0.26 0.23 
B 0.41 0.39 
Mean 0.28 0.26 
NPK T 0.33 0.35 
M 0.48 0.52 
B 0.70 0.77 
Mean 0.50 0.54 
LSDb 0.04 
Mean 0.44 0.45 
LSDC 0.17 
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0.44 0.42 0. 37 
0.57 0.48 0. 52 
0.46 0.49 0. 67 
0.49 0.46 0. 52 
0.18 0.19 0. 17 
0.28 0.23 0. 25 
0.28 0.19 0. 32 
0.24 0.20 0. 25 
0.29 0.29 0. 31 
0. 37 0.40 0. 45 
0.52 0.43 0. 61 
0.39 0.37 0. 46 
0.03 
0.03 
Table b22. Mean squares from the analysis of variance for the n, p, k, s, Ca, and 
Mg concentrations (%) of the top, middle, and bottom leaves of whole 
plants sampled from the n-p-k experiment during the seed-filling period 
of 1984 
Source of 
variation df pb S^  Ca^  Mg^  
Rep 1 0.04 0.47 0.53 0.22 0.42 0.73 
Fertility (F) 2 39.37* 6.17 56.43* 15.29** 6.13 6.22* 
Check vs others 1 26.65* 9.29 106.77* 0.20 0.08 5.69* 
PK vs NPK 1 52.10** 3.04 6.08 30.38** 12.18* 6.74* 
Error (a) 2 0.42 1.05 1.57 0.07 0.41 0.23 
Position (Pos) 2 28.08** 7.37** 65.33** 3.74** 7.68** 4.75** 
F*Pos 4 0.61 0.33** 1.42* 0.16** 0.02 0.18* 
Error (b). 6 0.35 0.04 0.25 0.01 0.05 0.03 
Stage (St) 4 46.86** 5.20** 29.03** 12.46** 0.48** 0.39** 
F*St 8 2.46** 0. 34** 0.86** 0.65** 0.12** 0.05* 
P*St 8 1.60** 0.26** 1.54** 0.25* 0.38** 0.39** 
F*P*St 16 0.39 0.07 0.69** 0.18* 0.06* 0.06** 
Error (c) 36 0.25 0.04 0.22 0.08 0.03 0.02 
x^ 10" 1 for actual mean squares. 
bx 10" 2 for actual mean squares. 
x^ 10" 3 for actual mean squares. 
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Table B23. Mean Mn, Fe, B, Cu, Zn, Al, and Na concentrations 
(|j,g/g) of the top, middle, and bottom leaves of 
whole plants sampled from the N-P-K experiment 
during the seed-filling period of 1984 
Treat- Posi- Stage (days after silking) 
ment tion R^ +0 R^ +14 R^ +28 R^ +42 T^ +56 Mean LSD 
Mn 
Check T 24 29 35 45 72 41 
M 24 30 38 40 49 36 
B 31 43 51 63 70 51 
Mean 26 34 41 49 64 43 
PK T 29 24 24 33 33 29 
M 28 27 28 30 33 29 
B 33 37 38 47 50 41 
Mean 30 29 30 36 38 33 
NPK T 62 64 64 73 65 65 
M 60 67 63 62 57 61 
B 69 78 76 85 72 76 
Mean 63 70 67 73 64 67 
LSD 4 
Mean 40 44 46 53 55 
LSD 11 
Fe 
Check T 114 96 76 57 116 92 
M 83 87 75 51 77 74 
B 106 83 116 286 312 180 
Mean 101 89 89 131 168 115 
PK T 120 102 75 110 85 98 
M 119 91 81 85 63 88 
B 137 104 141 275 267 185 
Mean 125 99 99 157 138 124 
NPK T 305 250 133 237 141 213 
M 231 253 140 156 141 184 
B 353 344 237 391 349 335 
Mean 296 282 170 261 210 244 
LSD 38 
Mean 174 157 119 183 172 
LSD 124 
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Table B23. (Continued) 
Treat- Posi- Stage (days after silking) 




















































































































Table B23. (Continued) 
Treat- Posi-
ment tion 
Stage (days after silking) 
Rl+0 R^ +14 R^ +28 R^ +42 R^ +56 Mean 
Check T 26 35 37 40 39 35 
M 21 22 20 22 21 21 
B 21 17 19 52 24 27 
Mean 23 24 25 38 28 28 
PK T" 28 31 25 23 21 25 
M 19 17 14 13 12 15 
B 13 9 9 11 9 10 
Mean 20 19 16 15 14 17 
NPK T 56 63 46 35 37 47 
M 44 37 25 18 16 28 
B 36 23 19 16 19 22 
Mean 45 41 30 23 24 32 
LSD 6 
Mean 29 28 24 25 22 
LSD 18 
Check T 80 68 73 49 143 82 
M 55 72 85 50 84 69 
B 115 97 160 416 442 246 
Mean 83 79 106 171 223 132 
PK T 104 97 87 128 114 106 
M 122 96 103 110 86 103 
B 174 144 208 414 428 273 
Mean 133 112 133 217 209 161 
NPK T 279 438 133 265 152 253 
M 186 292 239 180 149 209 
B 431 474 270 580 486 448 
Mean 299 401 214 341 262 303 
LSD 67 





Table B23. (Continued) 
Treat- Posi- — Stage (days after silking) 
ment tion R^ +0 R^ +14 R^ +28 R^ +42 E^ +56 Mean LSD 
Na 
Check T 2.0 4.0 5.5 4.0 7.5 4.6 
M 2.0 6.5 5.0 4.5 8.5 5.3 
B 5.5 2.5 3.5 8.5 14.0 6.8 
Mean 3.2 4.3 4.7 5.7 10.0 5.6 
PK T 12.5 13.5 11.0 20.0 16.0 14.6 
M 16.0 13.0 15.0 17.0 21.0 16.4 
B 16.5 15.0 14.5 18.5 16.0 16.1 
Mean 15.0 13. 8 13.5 18.5 17.7 15.7 
NPK T 10.5 7.0 2.0 10.0 2.0 6.3 
M 11.5 10.5 2.5 5.5 2.0 6.4 
B 62.0 14.5 3.5 6.5 6.0 18.5 
Mean 28.0 10.7 2.7 7.3 3.3 10.4 
LSD 0.9 
Mean 15.4 9.6 6.9 10.5 10.3 
LSD 9.4 
1.7 
Table B24. Mean squares from the analysis of variance for the Mn, Fe, B, Cu, Zn, 
Al, and Na concentrations (|ig/g) of the top, middle, and bottom leaves 
of whole plants sampled from the N-P-K experiment during the seed-
filling period of 1984 
Source of 
variation df Mn^  Fe^  6= Cu Zn® Al^  Na^  
Rep 1 0.06 1.95 0.19 0.54 1.44 3.53 0.00 
Fertility (F) 2 96.11** 15.51 2.53 204.63* 19.78 25.20 77.07 
Check vs 
others 1 10.90 9.27 0.03 24.20 1.80 19.91 112.00 
PK vs NPK 1 181.31** 21.76* 5.04 385.07** 37.76 30.50 42.14 
Error (a) 2 0.91 1.24 1.87 2.54 2.53 1.95 7.17 
Position (Pos) 2 16.30** 12.01** 29.20** 6.53 24.35** 34.65** 24.25** 
F*Pos 4 0.19 0.22 0.81 9.02* 2.09 0.36 13.58** 
Error (b) 6 0.42 0. 36 0.33 1.41 0.97 1.13 0.19 
Stage (St) 4 7.40** 1.15** 9.11** 3.51** 1.65* 2.74** 16.81** 
F*St 8 3.64** 0.80** 1.20** 4.33** 3.44** 2.07** 27.39** 
Pos*St 8 0.77* 1.59** 5.03** 1.10 1.17* 4.00** 12.95** 
F*Pos*St 16 0.19 0.10 0.19 0.42 0.38 0.29 10.64** 
Error (c) 36 0.31 0.15 0.16 0.54 0.52 0.59 0.61 
10^ for actual mean squares, 
b 4 X 10 for actual mean squares, 
^x 10 for actual mean squares. 
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Table B25. Mean N, P, K, S, Ca, and Mg concentrations (%) 
of the top, middle, and bottom leaf sheaths of 
whole plants sampled from the N-P-K experiment 
during the seed-filling period of 1984 
Treat- Posi- Stage (days after silking) 
ment tion R^ +O R2+28 R^ +SG Mean LSD 
N 
Check T 0.52 0.40 0.38 0.43 
M 0.38 0.40 0.37 0.38 
B 0.29 0. 33 0.38 0.33 
Mean 0.40 0.38 0.38 0.38 
PK T 0.48 0.37 0.34 0.39 
M 0.42 0.35 0.34 0.37 
B 0.35 0.24 0.29 0.29 
Mean 0.42 0.32 0.32 0.35 
NPK T 0.67 0.59 0.57 0.61 
M 0.69 0.60 0.58 0.62 
B 0.87 0.46 0.51 0.61 
Mean 0.74 0.55 0.55 0.61 
LSD 0.05 
Mean 0.52 0.41 0.42 
LSD 0.18 
P 
Check T 0.11 0.07 0.06 0.08 
M 0.08 0.05 0.05 0.06 
B 0.07 0.04 0.06 0.06 
Mean 0.08 0.05 0.06 0.07 
PK T 0.17 0.10 0.09 0.12 
M 0.15 0.08 0.07 0.10 
B 0.10 0.07 0.06 0.08 
Mean 0.14 0.08 0.07 0.10 
NPK T 0.16 0.17 0.10 0.14 
M 0.13 0.13 0.08 0.11 
B 0.12 0.06 0.06 0.08 
Mean 0.14 0.12 0.08 0.11 
LSD 0.01 
Mean 0.12 0.08 0.07 
LSD 0.10 
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Table B25. (Continued) 
Treat- Posi- Stage (days after silking) 
ment tien R^ +0 R^ +28 R^ +55 Mean LSD 
K 
Check T 1.52 0.84 0.44 0.93 
M 0.95 0.87 0.24 0.69 
B 0.36 0.22 0.08 0.22 
Mean 0.94 0.64 0.25 0.61 
PK T 1.78 1.51 1.09 1.46 
M 2.31 1.65 0.51 1.49 
B 1.69 0.42 0.14 0.75 
Mean 1.93 1.19 0.58 1.23 
NPK T 2.28 2.09 1.14 1.84 
M 2.44 2.35 0.85 1.88 
B 1.60 0.75 0.29 0.88 
Mean 2.10 1.73 0.76 1.53 
LSD 0.12 
Mean 1.66 1.19 0.53 
LSD 0.47 
S 
Check T 0.05 0.05 0.05 • 0.05 
M 0.05 0.05 0.05 0.05 
B 0.06 0.05 0.05 0.05 
Mean 0.05 0.05 0.05 0.05 
PK T 0.05 0.04 0.04 0.04 
M 0.04 0.04 0.05 0.04 
B 0.04 0.04 0.05 0.04 
Mean 0.04 0.04 0.05 0.04 
NPK T 0.06 0.06 0.06 0.06 
M 0.06 0.07 0.07 0.07 
B 0.07 0.06 0.07 0.07 
Mean 0.06 0.06 0.06 0.07 
LSD 0.00 
Mean 0.05 0.05 0.05 
LSD 0.01 
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Table B25. (Continued) 
Treat- Posi- Stage (days after silking) 
ment tion R^ +0 R^ +28 R^ +56 Mean LSD 
Ca 
Check T 0.33 0.39 0.48 0.40 
M 0.40 0.52 0.45 0.45 
B 0.69 0.73 0.59 0.67 
Mean 0.47 0.55 0.50 0.51 
PK T 0.27 0.43 0..51 0.40 
M 0.39 0.40 0.52 0.44 
B 0.60 0.51 0.47 0.52 
Mean 0.42 0.45 0.50 0.45 
NPK T 0.36 0.59 0.66 0.54 
M 0.58 0.86 0.78 0.74 
B 0.96 1.02 0.81 0.93 
Mean 0.63 0.82 0.75 0.74 
LSD 0.06 
Mean 0.51 0.60 0.58 
LSD 0.09 
Mcf 
Check T 0. 31 0.43 0.56 0.43 
M 0.54 0.69 0.59 0.61 
B 1.07 0.94 0.63 0.88 
Mean 0.64 0.69 0.59 0.64 
PK T 0.16 0.20 0.29 0.21 
M 0. 32 0.38 0. 37 0.36 
B 0.64 0.46 0.27 0.46 
Mean 0.37 0.34 0. 31 0. 34 
NPK T 0.29 0.37 0.39 0.35 
M 0.63 0.76 0.60 0.66 
B 1.17 1.01 0.58 0.92 
Mean 0.69 0.71 0.52 0.64 
LSD 0.06 
Mean 0.57 0.58 0.48 
LSD 0.17 
Table B26. Mean squares from the analysis of variance for the N, P, K, S, Ca, and 
Mg concentrations (%) of the top, middle, and bottom leaf sheaths of 
whole plants sampled from the N-P-K experiment during the seed-filling 
period of 1984 
Source of 
variation df pb RC sd Ca^  Mg® 
Rep 1 0.67 1.78 1.86 0.30 1.04 5.67 
Fertility (F) 2 37.21* 10.67 39.43* 20.52* 39.68* 54.10* 
Check vs others 1 12.00 19.74 70.79* 0.93 9.36* 26.30* 
PK vs NPK 1 62.41* 1.60 8.07 40.11* 70.00** 81.90* 
Error (a) 2 1. 51 n 4.39 1.06 0.52 0.44 1.41 
Position (Pos) 2 2.08* 8.72** 35.31** 0.35 31.18** 79.17** 
F*Pos 4 0.52 0.77 1.19* 0.16 3.11* 4.42** 
Error (b) 6 0. 31 0.21 0.23 0.22 0.51 0.45 
Stage (St) 2 6.31** 12.42** 57.68** 0.80* 4.78** 6.00** 
F*St 4 1.49** 1.27** 2.86** 0.10 1. 31 . 1.19 
P*St 4 0.59* 0.64** 2.70** 0.19 5.25** 16.78** 
F*P*St 8 1.09** 0.44* 1.36** 0.32 0.42 0.21 





 2 for actual mean squares 
bx 10" 3 for actual mean squares 
'^ x 10" 1 for actual mean squares 
x^ 10" 4 for actual mean squares 
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Table B27. Mean Mn, Fe, B, Cu, Zn, Al, and Na concentration 
(|ig/g) of the top, middle, and bottom leaf 
sheaths of whole plants sampled from the N-P-K 
experiment during the seed-filling period of 
1984 
Treat- Posi- Stage (days after silking) 


















































































































































Table B27. (Continued) 
Treat- Posi- Stage (days after silking) 
ment tion R^ +0 R^ +28 R^ +56 Mean . LSD 
B 
Check T 10.0 7.5 6.5 8.0 
M 7.0 6.5 8.0 7.2 
B 7.5 13.0 12.5 11.0 
Mean 8.2 9.0 9.0 8.7 
PK T 8.0 6.0 5.5 6.5 
M 6.0 6.0 6.5 6.2 
B 6.5 9.0 9.0 8.2 
Mean 6.8 7.0 7.0 7.0 
NPK T 8.0 7.5 7.5 7.5 
M 6.5 8.0 7.5 7.3 
B 6.5 8.0 9.5 8.0 
Mean 7.0 7.8 8.2 7.7 
LSD 0.7 





Check T 2.0 1.5 2.5 2.0 
M 1.5 1.5 4.5 2.5 
B 1.5 2.0 4.5 . 2.7 
Mean 1.7 1.7 3.8 2.4 
PK T 1.0 0.8 1.0 0.9 
M 1.0 0.5 1.0 0.8 
B 0.8 0.5 0.8 0.7 
Mean 0.9 0.6 0.9 0.8 
NPK T 3.0 3.0 3.0 3.0 
M 3.5 3.0 2.5 3.0 
B 2.5 2.0 3.0 2.5 
Mean 3.0 2.7 2.8 2.8 
LSD 0.6 
Mean 1.9 . 1.6 2.5 
LSD 2.8 
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Table B27. (Continued) 
Treat- Posi- Stage (days after silking) 



















































































































































Table B27. (Continued) 
Treat- Posi- Stage (days after silking) 
ment tien R^ +0 R^ +28 R^ +56 Mean LSD 
Na 
Check T 17.0 7.5 22.0 15.5 
M 20.5 10.5 20.5 17.2 
B 12.0 13.0 19.5 14.8 
Mean 16.5 10.3 20.7 15.8 
PK T 19.5 21.0 9.0 16.5 
M 26.0 17.5 9.0 17.5 
B 21.5 18.0 6.5 15.3 
Mean 22.3 18.8 8.2 16.4 
NPK T 2.5 3.0 3.5 3.0 
M 10.0 4.0 4.5 6.2 
B 55.0 2.0 10.5 22.5 
Mean 22.5 3.0 6.2 10.6 
LSD 2.3 
Mean 20.4 10.7 11.7 
LSD 10.4 
Table B28. Mean squares from the analysis of variance for the Mn, Fe, B, Cu, Zn, 
Al, and Na concentrations (|j.g/g) of the top, middle, and bottom leaf 
sheaths of whole plants sampled from the N-P-K experiment during the 
seed-filling period of 1984 
Source of 
variation df a Mn^  Fe*) B Cu Zn^  ^ Al^  
Rep 1 0.44 0.27 0.67 0.38 2.27 0.45 2.12 
Fertility (F) 2 1.27 9.54* 14.39 20.45 57.96 21.85 1.89 
Check vs 
others 1 0.82 12.25* 24.08 3.89 113.43 36.54 0.65 
PK vs NPK 1 1.71 6.83* 4.69 37.01 2.50 5.38 3.12 
Error ( a) 2 0.80 0.24 3.50 3.93 9.27 5.52 0.52 
Position (Pos) 2 0.74* 11.60** 23.17** 0.14 9.48** 23.30** 1.62** 
F*Pos 4 0.19 1.01 4.39* 0.59 3.06* 1.93 2.55** 
Error (b) 6 0.07 0.48 0.72 0.61 0.55 0.56 0.08 
Stage (St) 2 4.47** 2.33** 2.72* 3.85 5.25* 13.46** 5.17** 
F*St 4 1.73** 0.66* 0.44 2.96 12.79** 9.71** 3.14** 
P*St 4 0.09 0.66* 14.22** 0.45 0.91 3.27* 1.30 
F*p*st 8 0.05 0.18 1.94** 0.56 1.17 1.67 2.00** 
Error (c) 18 0.14 0.17 0.50 1.75 1.00 0.92 0.53 
E^rror (c) source of variation for A1 has 17 df due to a missing value. 
10^  for actual mean squares. 
10 for actual mean squares. 
x^ 10^  for actual mean squares. 
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Table B29, Mean N, P, K, S, Ca, and Mg concentrations (%) 
of the top, middle, and bottom stalks of whole 
plants sampled from the N-P-K experiment during 
the seed-filling period of 1984 
Treat- Posi- Stage (days after silking) 
ment tion R^ +0 R^ +28 R^ +56 Mean LSD 
N 
Check T 0.56 0.26 0.42 0.41 
M 0. 35 0.26 0.34 0.32 
B 0.38 0.20 0.26 0.28 
Mean 0.43 0.24 0.34 0.34 
PK T 0.52 0.23 0.31 0.35 
M 0.34 0.19 0.26 0.26 
B 0.21 0.13 0.18 0.17 
Mean 0.36 0.18 0.25 0.26 
NPK T 0.69 0.38 0.51 0.53 
M 0.60 0.48 0.47 0.52 
B 0.80 0.44 0.51 0.58 
Mean 0.70 0.43 0.50 0.54 
LSD 0.05 
Mean 0.50 0.28 0.36 
LSD 0.09 
P 
Check T 0.14 0.06 0.08 0.09 
M 0.08 0.05 0.06 0.06 
B 0.05 0.03 0.04 0.04 
Mean 0.09 0.05 0.06 0.06 
PK T 0.25 0.18 0.19 0.21 
M 0.20 0.19 0.16 0.18 
B 0.15 0.15 0.11 0.14 
Mean 0.20 0.17 0.15 0.18 
NPK T 0.18 0.14 0.11 0.14 
M 0.15 0.08 0.07 0.10 
B 0.12 0.05 0.03 0.07 
Mean 0.15 0.09 0.07 0.10 
LSD 0.03 
Mean 0.15 0.10 0.09 
LSD 0.20 
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Table B29. (Continued) 
Treat- Posi- Stage (days after silking) 
ment tien R^ +0 R^ +28 R^ +56 Mean LSD 
K 
Check T 0.73 0.24 0.32 0.43 
M 0.31 0.21 0.34 0.29 
B 0.18 0.22 0.25 0.22 
Mean 0.41 0.22 0.30 0.31 
PK T 1.21 0.62 1.11 0.98 
M 1.20 0.88 1.50 1.19 
B 1.86 1.98 2.33 2.06 
Mean 1.42 1.16 1.65 1.41 
NPK T 0.88 0.62 0.74 0.75 
M 0.76 0.62 0.92 0.77 
B 0.68 0.90 1.14 0.91 
Mean 0.77 0.71 0.93 0.81 
LSD 0.07 
Mean 0.87 0.70 0.96 
LSD 0.23 
S 
Check T 0.06 0.04 0.05 0.05 
M 0.04 0.04 0.05 0.04 
B 0.06 0.07 0.07 0.07 
Mean 0.05 0.05 0.06 0.05 
PK T 0.05 0.02 0.04 0.04 
M 0.04 0.02 0.05 0.04 
B 0.05 0.05 0.08 0.06 
Mean 0.05 0.03 0.06 0.05 
NPK T 0.07 0.05 0.05 0.06 
M 0.07 0.05 0.05 0.06 
B 0.06 0.04 0.04 0.05 
Mean 0.07 0.05 0.05 0.06 
LSD 0.00 
Mean 0.06 0.04 0.06 
LSD 0.01 
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Stage (days after silking) 
R^ +0 R^ +28 R^ +56 Mean LSD 
Ça 
Check T 0.13 0.20 0.21 0.18 0.01 
M 0.15 0.17 0.20 0.17 
B 0.17 0.15 0.19 0.17 
Mean 0.15 0.17 0.20 0.17 
PK T 0.13 0.22 • 0.24 0.20 
M 0.14 0.20 0.24 0.19 
B 0.23 0.24 0.29 0.25 
Mean 0.17 0.22 0.26 0.21 
NPK T 0.12 0.23 0.29 0.21 
M 0.18 0.23 0.30 0.24 
B 0.33 0.34 0. 39 0.35 
Mean 0.21 0.27 0.33 0.27 
LSD 0.01 
Mean 0.18 0.22 0.26 
LSD 0.03 
Mq 
Check T 0.24 0.23 0.25 0.24 0.02 
M 0.27 0.24 0.27 0.26 
B 0.25 0.22 0.27 0.25 
Mean 0.25 0.23 0.26 0.25 
PK T 0.16 0.15 0.17 
M 0.17 0.21 0.24 0.21 
B 0.28 0.32 0.40 0.33 
Mean 0.20 0.23 0.27 0.23 
NPK T 0.18 0.15 0.17 0.17 
M 0.25 0.22 0.27 0.25 
B 0.44 0.44 0.51 0.46 
Mean 0.29 0.27 0.32 0.29 
LSD 0.01 
Mean 0.25 0.24 0.28 
LSD 0,05 
Table B30. Mean squares from the analysis of variance for the N, P, K, S, Ca, and 
Mg concentrations (%) of the top, middle, and bottom stalks of whole 
plants sampled from the N-P-K experiment during the seed-filling period 
of 1984 
Source of , , i-, 
variation df P K S Ca Mg 
Rep 1 0.03 0.12 0.22 1.19 6.02 • 8.56 
Fertility (F) 2 37.37* 56.47 54.40** 4.46 38.98* 16.27 
Check vs others 1 5.03 64.53 76.16** 1.81 52.89* 2.50 
PK vs NPK 1 69.73** 48.40 32.64** 7.11 25.07* 30.04* 
Error (a) 2 0.38 19.83 0.25 0.69 0.54 1.43 
Position (Pos) 2 3.88** 19.67** 6.38** 8.46** 21.87** 121.01** 
F*Pos 4 2.50* 0.41 7.07** 6.91** 9.40** 34.80** 
Error (b) 6 0.31 1.07 0.08 0.13 0.30 0.19 
Stage (St) 2 20.71** 13.94** 3.21** 9.86** 33.85** 8.59** 
F*St 4 0.60 1.11 0.84 3.38** 1.78** 1.41 
P*St 4 1.32* 0.37 1.70** 1.96** 3.69** 1.51 
F*P*St 8 0.51 0.42 0.07 0.41 0.17 0.42 
Error (c) 18 0.43 0.61 0.35 0.20 0.13 0.66 
x^ 10" 2 for actual mean squares 
bx 10" 3 for actual mean squares 
x^ 10" 1 for actual mean squares 
x^ 10" 4 for actual mean squares 
395 
Table B31. Mean Mn, Fe, B, Cu, Zn, Al, and Na concentrations 
(|ag/g) of the top, middle, and bottom stalks of 
whole plants sampled from the M-P-K experiment 
during the seed-filling period of 1984 
Treat- Posi- Stage (days after silking) 
ment tion R^ +0 R^ +28 R^ +56 Mean LSD 
Mn 
Check T 5.5 8.0 11.5 8.3 
M 3.5 6.0 8.0 5.8 
B 2.5 3.5 7.5 4.5 
Mean 3.8 5.8 9.0 6.2 
PK T 8.0 8.0 8.0 8.0 
M 5.5 5.0 6.0 5.5 
B 5.0 4.0 4.5 4.5 
Mean 6.2 5.7 6.2 6.0 
NPK T 8.0 9.0 10.0 9.0 
M 6.5 5.0 8.0 6.5 
B 6.0 4.5 5.0 5.2 
Mean 6.8 6.2 7.7 6.9 
LSD 0.4 
Mean 5.6 5.9 7.6 
LSD 3.8 
Fe 
Check T 16 18 23 19 
M 12 19 22 18 
B 9 15 22 15 
Mean 12 17 22 17 
PK T 19 16 16 17 
M 16 14 17 16 
B 24 22 30 25 
Mean 20 17 21 19 
NPK T 25 29 35 30 
M 26 34 34 31 
B 76 45 44 55 
Mean 42 36 38 39 
LSD 4 
Mean 25 23 27 
LSD 19 
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tion R^ +0 
Stage (days after silking) 





























































2 . 8  
2.7 
2 . 2  
























































2 .0  
3.0 
2 . 0  
1.5 
























Table B31.. (Continued) 
Treat- Posi- Stage (days after silking) 



















































































































































Table B31, (Continued) 
Treat- Posi- Stage (days after silking) 
ment tien R^ +0 R^ +28 R^ +56 Mean LSD 
Na 
Check T 12.0 12.0 12.5 12.2 
M 11.0 10.0 13.0 11.3 
B 13.5 11.0 14.0 12.8 
Mean 12.2 11.0 13.2 12.1 
PK T 2.0 2.0 2.5 2.2 
M 2.0 2.0 7.5 3.8 
B 2.0 2.0 2.0 2.0 
Mean 2.0 2.0 4.0 2.7 
NPK T 3.0 3.5 3.5 3.3 
M 3.0 2.5 4.5 3.3 
B 5.0 2.5 5.0 4.5 
Mean 4.0 2.8 4.3 3.7 
LSD 1.2 
Mean 6.1 5.3 7.2 
LSD 2.3 
Table B32. Mean squares from the analysis of variance for the Mn, Fe, B, Cu, Zn, 
Al, and Na concentrations (fj,g/g) of the top, middle, and bottom stalks 
of whole plants sampled from the N-P-K experiment during the seed-
filling period of 1984 
Source of 
variation df Mn Fe^  B Cu Zn^  Al Na^  
Rep 1 3.63 0.33 0..00 0.17 0.58 0.49 0.67 
Fertility (F) 1 3.85 24.83 3.63 30.75** 12.60* 20.91* 48.21** 
Check vs others 1 0.59 16.02 0.15 6.50* 19.59* 9.69* 95.41** 
PK vs NPK 1 7.11 33.64* 7.11 55.01** 5.60 32.13* 1.00 
Error (a) 2 7.19 1.80 0.89 0.10 0.61 0.35 0.25 
Position (Pos) 2 64.80** 6.04** 2.07** 9.41** 17.37** 0.75 0.14 
F*P6S 4 0.07 3.81** 0.02 1.13 1.31** 1.01 0.54 
Error (b) 6 0.28 0.22 0.15 0.31 0.02 0.41 0.21 
Stage (St) 2 21.13** 0.56 0.91** 3.19** 0.72** 2.77* 1.62 
F*St 4 11.74** 0.89 0.02 0.20 0.87** 2.80* 0.13 
P*St 4 1.35 0.88 0.13 0.85* 0.07 0.28 0.65 
F*P*St 8 0.92 1.36 0.07 0.20 0.26* 0.22 0.18 
Error (c) 18 1.74 0.62 0.13 0.19 0.10 0.65 1.12 
x^ 10^  for actual mean squares, 
b 4 X 10 for actual mean squares, 
"^ x 10 for actual mean squares. 
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Table B33. Mean N, P, K, S, Ca, and Mg concentrations (%) 
of the cobs, shanks, silks, tassels, and lower 
ears sampled from the check treatment of the N-
P-K experiment during the seed-filling period 
of 1984 
Stage (days after silking) 
Plant part R^ +0 «1 + 14 1^ + 28 1^ +42 1^ + 56 Mean 
Cobs 2. ,79 0. 87 
N 
0. 53 0. 38 0. 51 1. 01 
Shanks 1. 96 0. 88 0. 62 0. 85 0. 74 1. 01 
Silks 2. 29 2. 33 2. 67 2. 61 2. 69 2. 52 
Tassels 1. 54 0. 56 0. 49 0. 48 0. 52 0. 72 
Lower ears 2. .11 2. 05 1. 38 1. 37 1. 68 
Cobs 0. ,41 0. 15 
P 
0. 06 0. 05 0. 04 0. 14 
Shanks 0. ,30 0. 14 0. 08 0. 09 0. 11 0. 14 
Silks 0. ,37 0. 35 0. 29 0. 24 0. 16 0. 28 
Tassels 0. ,22 0. 07 0. 06 0. 05 0. 06 0. 09 
Lower ears 0. ,33 0. 33 
K 
0. 26 0. 19 0. 20 0. 26 
Cobs 1. ,51 0. 62 0. 78 1. 19 1. 31 1. 08 
Shanks 1, 12 0. 61 0. 90 1. 51 1. 92 1. 21 
Silks 2. ,36 2. 42 2. 01 1. 44 0. 95 1. 83 
Tassels 1. ,13 0. 58 0. 30 0. 19 0. 13 0. 46 
Lower ears 1. ,73 1. 96 1. 79 1. 11 1. 37 1. 57 
Cobs 0. ,18 0. 07 
S 
0. 05 0. 04 0. 05 0. 08 
Shanks 0. ,15 0. 10 0. 11 0. 12 0. 15 0. 12 
Silks 0. ,15 0. 16 0. 19 0. 19 0. 19 0. 17 
Tassels 0. ,13 0. 07 0. 07 0. 07 0. 07 0. 08 
Lower ears 0. ,15 0. 18 0. 15 0. 15 0. 16 
Ça 
Cobs 0. ,11 0. 03 0. 04 0. 02 0. 02 0. 04 
Shanks 0. ,06 0. 08 0. 08 0. 07 0. 11 0. 08 
Silks 0. ,14 0. 14 0. 17 0. 14 0. 18 0. 15 
Tassels 0. ,17 0. 18 0. 24 0. 27 0. 27 0. 23 
Lower ears 0. ,16 0. 23 0. 37 0. 42 0. 39 0. 31 
Cobs 0. ,22 0. 09 0. 05 0. 03 0. 02 0. 08 
Shanks 0. ,20 0. 14 0. 12 0. 07 0. 08 0. 12 
Silks 0. ,14 0. 15 0. 17 0. 17 0. 19 0. 16 
Tassels 0. ,16 0. 17 0. 20 0. 20 0. 16 0. 17 
Lower ears 0. ,21 0. 33 0. 43 0. 46 0. 50 0. 38 
401a 
Table B34. Mean Mn, Fe, B, Cu, Zn, Al, and Na concentrations 
((i,g/g) of the cobs, shanks, silks, tassels, and 
lower ears sampled from the check treatment of 
the N-P-K experiment during the seed-filling 
. period of 1984 
Stage (days after silking) 
Plant part R^ +0 R^ +14 R^ +28 R^ +42 R^ +56 Mean 
Mn 
Cobs 15.5 5.0 4.5 3.5 4.0 6.5 
Shanks 9.0 9.0 9.0 6.0 9.0 8.4 
Silks 12.0 15.0 19.0 45.0 27.5 23.7 
Tassels 20.5 24.0 33.5 33.5 37.0 29.7 
Lower ears 24.0 40.5 58.0 79.5 79.0 56.2 
Fe 
Cobs 157 68 23 13 36 59 
Shanks 52 30 30 34 33 36 
Silks 101 98 128 102 92 104 
Tassels 105 47 93 271 433 190 
Lower ears 175 192 117 148 139 154 
Cobs 6.0 
B 
3.0 2.5 3.0 3.0 3.5 
Shanks 5.5 4.0 3.0 3.5 4.5 4.1 
Silks 14.0 16.5 18.5 12.5 10.0 14.3 
Tassels 18.0 21.5 20.0 11.0 7.5 15.6 
Lower ears 8.0 12.5 12.0 14.0 13.0 11.9 
Cu 
Cobs 4.0 2.0 5.5 2.0 8.0 4. 3 
Shanks 4.0 4.5 4.0 4,5 4.5 4.3 
Silks 4.5 5.0 4.5 4.5 3.5 4.4 
Tassels 2.0 1.0 1.5 2.0 1.5 1.6 
Lower ears 8.0 7.0 6.0 8.0 8.5 7.5 
Cobs 47 27 33 22 27 31 
Shanks 44 90 81 64 81 72 
Silks 55 50 53 52 33 49 
Tassels 48 47 50 46 31 44 
Lower ears 57 52 39 49 41 48 
401b 
Table B34. (Continued) 
Stage (days after silking) 
Plant part R^ +0 R^ +14 R^ +28 R^ +42 R^ +56 Mean 
Cobs 13 16 37 . 19 33 24 
Shanks 37 29 37 32 30 33 
Silks 18 94 123 124 110 108 
Tassels 102 56 129 158 399 169 
Lower ears 113 103 83 157 108 113 
Na 
Cobs 3.0 6.0 5.5 7.0 2.5 4.8 
Shanks 14.5 19.0 23.0 11.5 8.0 15.2 
Silks 21.5 32.0 31.5 14.5 9.5 21.8 
Tassels 13.5 15.0 20.0 17.0 10.0 15.1 
Lower ears 56.5 53.0 20.0 37.0 13.5 36.0 
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Table B35. Treatment means for the N, P, K, S, Ca, and Mg 
contents (kg/ha) of ear leaves sampled from the 




Stage (days after silking) 
R^ +14 R^ +28 R^ +42 R^ +56 Mean LSD 
N 
Check 5.09 5.23 2.19 0.87 0.20 2.72 
N 16.78 13.81 8.01 3.88 2.52 9.00 
P 6.51 6.17 3.72 1.43 0.69 3.70 
NP 16.91 15.96 7.96 4.94 2.07 9.57 
K 7.66 5.58 2.15 1.06 0.36 3.36 
NK 16.77 13.24 5.73 3.76 2.37 8.37 
PK 8.05 5.84 3.34 1.80 0.24 3.85 
NPK 18.42 12.82 6.61 4.38 2.17 8.88 
Mean 12.02 9.83 4.97 2.76 1.33 
LSD 1.37 
p 
Check 0.51 0.58 0.21 0.09 0.02 0.28 
N 2.09 1.56 0.68 0.19 0.18 0.94 
P 0.85 0.99 0.72 0.24 0.11 0.58 
NP 2.14 1.87 0.99 0.60 0.23 1.17 
K 0.79 0.57 0.17 0.06 0.02 0/32 
NK 1.68 1. 35 0.38 0.24 0.16 0.76 
PK 1.01 1.01 0.44 0.27 0.04 0.56 
NPK 2.04 1.65 0.68 0.34 0.13 0.97 
Mean 1.39 1.20 0.53 0.25 0.11 
LSD 0.22 
ir 
Check 3.65 5.76 
j\ 
3.08 0.81 0.10 2.68 
N 7.61 7.29 4.68 1.16 0.90 4.33 
P 3.82 5.80 4.03 1.27 0.21 3.03 
NP 5.53 5.39 2.75 1.60 0.45 3.14 
K 9.82 9.94 6.95 2.82 0.52 6.01 
NK 13.11 16.26 9.81 4.62 2.41 9.24 
PK 9.51 10.08 7.84 3.76 0.42 6.32 
NPK 13.16 14.31 9.02 4.26 1.55 8.46 
Mean 8.28 9.36 6.02 2.54 0.82 
LSD 2.18 




Table B35,. (Continued) 
Treat­
ment R^ +0 
Stage (days after silking) 
Rl+14 R^ +28 R^ +42 R^ +56 Mean LSD 
Check 0.46 0.61 0.37 0.15 0.03 0.33 
N 1.13 1.03 0.71 0.26 0.27 0.68 
P 0.55 0.65 0.59 0.25 0.12 0.43 
NP 1.10 1.17 0.75 0.56 0.23 0.76 
K 0.68 0.52 0.32 0.17 0.06 0.35 
NK 1.13 1.08 0.61 0.42 0.30 0.71 
PK 0.63 0.62 0.40 0.24 0.04 0.38 
NPK 1.33 1.09 0.61 0.39 0.18 0.72 
Mean 0.88 0.85 0.55 0.30 0.15 
LSD 0.14 
Ça 
Check 2.01 3.13 2.54 0.89 0.26 1.77 
N 5.62 5.95 5.88 2.00 2.07 4.30 
P 3.11 4.48 5.66 1.91 0.86 3.20 
NP 5.88 8.02 7.20 4.49 1.87 5.49 
K 2.77 2.56 2.48 1.17 0.49 1.89 
NK 3.88 5.28 4.31 2.70 2.01 3.64 
PK 2.69 3.06 3.15 1.76 0.34 2.20 
NPK 5.19 5.79 4.35 2.70 1.49 3.91 
Mean 3.89 4.78 4.45 2.20 1.17 
LSD 0.91 
Mg 
Check 1.40 2.03 1.54 0.63. 0.15 1.15 
N 5.17 4.93 4.82 1.56 1.59 3.61 
P 2.31 3.28 4.11 1.26 0.58 2.31 
NP 6.21 7.44 6.64 4.19 1.68 5.23 
K 1.23 1.10 0.99 0.47 0.19 0.79 
NK 2.27 2.54 1.92 1.16 0.86 1.75 
PK 1.22 1.29 1.19 0.66 0.12 0.90 
NPK 3.41 3.06 2.06 1.21 0.65 2.08 
Mean 2.90 3.21 2.91 1.39 0.73 
LSD 0.68 
0 .08  
0.56 
0.51 
Table B36. Mean squares from the analysis of variance for the N, P, K, S, Ca, and 
Mg contents (kg/ha) of ear leaves sampled from the N-P-K experiment 
during the seed-filling period of 1984 
Source of 
variation df^  pC SC Ca Mg 
Rep 2 (3) 0.41 0.07 0.52 0.10 0.53 0.66 
N 1 123.07** 82.27** 9.55** 35.75** 128.31** 106.12** 
P 1 1.63 17.39** 0.32 1.04 19.23** 19.34** 
K 1 0.07 2.32 53.28** 0.02 18.37** 86.23** 
N*P 1 0.04 0.18 1.29 0.04 0.16 0.88 
N*K 1 1.11 2.79 2.44 0.00 3.57 19.78** 
P*K 1 0.08 0.15 0.03 0.38 7.85* 10.33** 
N*P*K 1 0.05 0.04 0.04 0.00 0.08 0.10 
Error (a) 14(21) 0.43 0.76 0.77 0.30 1.36 0.76 
Stage (St) 4 67.32** 77.61** 32.09** 24.68** 57.54** 28.96** 
N*St 4 10.51** 12.97** 0.80** 2.06** 2.60* 3.68** 
P*St 4 0.13 1.05 0,13 0.16 1.73 1.20 
K*St 4 0.75 0.42 3.61** 0.48* 2,76* 5.06** 
N*P*K*St 16 0.11 0.26 0.16 0.12 0.75 0.65 
Error (b) 64(96) 0.32 0.47 0.18 0.18 0.93 0.78 
V^alues within parentheses are degrees of freedom that apply for N values 
where 4 replications were analyzed. 
10 for actual mean squares. 
C "1 X 10 for actual mean squares. 
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Table B37. Treatment means for the Mn, Fe, B, Cu, Zn, Al, 
and Na contents (g/ha) of ear leaves sampled 
from the N-P-K experiment during the seed-filling 
period of 1984 
Treat- Stage (days after silking) 
ment R^ +0 R^ +14 R^ +28 R^ +42 R^ +56 Mean LSD 
Mn 
Check 9 16 14 6 2 10 
N 43 41 38 13 13 30 
F 19 22 26 8 5 16 
NP 55 51 42 24 10 36 
K 19 14 14 7 3 11 
NK 31 41 30 18 12 26 
PK 16 16 15 8 2 11 
NPK 39 41 28 18 9 27 
Mean 29 30 26 13 7 
LSD 5 
Fe 
Check 27 54 31 8 5 25 
N 114 322 105 23 25 118 
P 57 109 102 17 17 61 
NP 118 334 103 43 17 123 
K 75 97 59 25 8 53 
NK 118 332 67 43 29 118 
PK 60 60 39 21 3 37 
NPK 156 186 60 45 20 93 
Mean 91 187 71 28 16 
LSD 32 
B 
Check 2.1 4.8 4.5 1.2 0.3 2.6 
N 5.7 7.1 7.3 2.0 1,9 4.8 
P 2.4 5.4 7.0 2.1 . 0,8 3.6 
NP 5.5 7.8 6.0 3.2 1.5 4.8 
K 4.6 5.4 5.1 1.9 0,7 3.5 
NK 5.7 7.7 6.1 3.0 2.7 5.0 
PK 3.3 5.0 5.0 2.0 0.5 3.2 
NPK 6.3 7.4 4.7 2.8 1,5 4.5 
Mean 4.4 6.3 5.7 2.3 1,2 
LSD 0.9 
Cu 
Check 0.7 1.1 0.7 0.3 0,1 • 0.6 
N • 6.8 5.8 5.0 1.3 1,4 4.1 
P 1.7 2.1 1.9 0.6 0,4 1.3 
NP 5.9 5.8 4.3 2.4 0,9 3.9 
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Table B37. (Continued) 
Treat- Stage (days after silking) 
ment R^ +0 R^ +14 R^ +28 R^ +42 R^ +56 Mean LSD 
K 2.9 1.9 1.2 0.4 0.2 1.3 
NK 6. 6 5.7 3.4 1.9 1.3 3.8 
PK 1.9 1.5 0.8 0.4 0.1 0.9 
NPK 6.3 5.2 3.3 1.7 0.9 3.5 
Mean 4.1 3.6 2.6 1.1 0.7 
LSD 0.9 
Zn 
Check 6 10 7 3 1 5 
N 25 25 21 7 8 17 
P 8 10 10 3 2 6 
MP 25 26 15 9 4 16 
K 11 9 5 3 1 6 
NK 19 22 11 6 5 13 
PK 9 10 6 3 1 6 
NPK 26 22 10 5 2 13 
Mean 16 17 11 5 3 
LSD 3 
A1 
Check 18 42 31 9 6 21 
N 58 339 85 20 23 105 
P 42 85 85 19 19 50 
NP 58 343 77 39 14 106 
K 49 80 59 33 11 46 
NK 64 339 66 44 29 108 
PK 54 52 47 27 4 37 
NPK 116 207 81 55 24 97 
Mean 57 186 66 31 16 
LSD 35 
Na 
Check 1.1 2.9 1.9 0.8 0.5 1.5 
N 8.5 15.3 6.3 2. 3 2,3 6.9 
P 3.4 5.1 6.8 1.7 1.8 3.8 
NP 7.9 12.9 6.2 4.4 2.2 6.7 
K 5.2 6.0 4.6 2.8 1.4 4.0 
NK 6.3 15.4 7.0 5.0 3.4 7.5 
PK 7.0 6.1 6.5 3.8 0.9 4.9 
NPK 8.4 8.4 2.5 4.6 1.3 5.0 
Mean 6.0 9.0 5.2 3.2 1.7 
LSD 2.4 
Table B38. Mean squares from the analysis of variance for the Mn, Fe, B, Cu, Zn, 
Al, and Na contents (g/ha) of ear leaves sampled from the N-P-K 
experiment during the seed-filling period of 1984 
Source of 
variation df Mn® Fe^  B Cu Znf. Al^  Na^  
Rep 2 2.7** 0.07 0.62 0.35 0.84 0.10 0.35 
N 1 96.09** 14.35** 74.59** 227.16** 233.50** 12.83** 27.41** 
P 1 3.62** 0.00 0.02 0.03 0.03 0.01 0.05 
K 1 4.70** 0.12 0.52 0.25 10.60* 0.01 1.17 
N*P 1 0.01 0.28 2.36 1.28 0.98 0.16 6.26* 
N*K 1 1.83 0.21 0.68 1.88 8.46* 0.06 4.37* 
P*K 1 2.87* 1.24* 6.44 2.89 0.15 0.49 2.49 
N*P*K 1 0.00 0.09 1.23 2.06 2.19 0.12 0.09 
Error (a) 14 0.41 0.16 1.42 1.24 1.22 0.20 0.93 
Stage (St) 4 25.95** 11.06** 113.81** 54.85** 94.99** 10.81** 18.70** 
N*St 4 4.50** 4.20** 4.84** 14.81** 18.77** 5.86** 5.35** 
P*St 4 0.51 0.18 0.65 0.28 0.94 0.21 0.92** 
K*St 4 0.73 0. 39* 3.20* 1.58** 2.44* 0. 32 0.52* 
N*P*K*St 16 0.39 0.21* 1.01 0.40 1.08 0.20 0.61** 
Error (b) 64 0.34 0.11 0.92 0.38 0.70 0.16 0.19 
10^ for actual mean squares, 
b 4 X 10 for actual mean squares. 
10 for actual mean squares. 
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Table B39. Treatment means for the N, P, K, S, Ca, and Mg 
contents (kg/ha) of grain sampled from the N-P-K 
experiment during the seed-filling period and at 
harvest of 1984 
Treat­
ment R^ +14 
Stage (days after silking) 
R^ +21 R^ +28 R^ +35 Harvest Mean LSD 
N 
Check 7.18 14.06 21.73 27.71 30. 65 20. 27 
N 17.78 47.14 62.03 90.56 78. 10 59. 12 
P 10.39 20.77 35.18 33.42 40. 71 28. 10 
NP 28.29 44.38 68.47 80.26 82. 73 60. 82 
K 9.48 22.95 26.38 34.47 36. 81 26. 02 
NK 20.93 47.93 63.56 74.85 86. 41 58. 74 
PK 14.26 25.11 35.64 39.73 47. 14 32. 38 
NPK 24.21 47.11 65.82 88.48 94. 74 64. 07 
Mean 16.56 33.68 47.35 58.69 62. 16 
LSD 11.62 
P 
Check 0.97 2.63 
IT 
3.77 5.21 5. 62 3. 64 
N 2.83 7.33 9.37 13.69 10. 26 8. 69 
P 2.22 4.04 8.69 7.28 8. 92 6. 23 
NP 5.08 7.08 12.24 12.97 12. 28 9. 93 
K 1.39 3.63 4.26 5.57 4. 85 3. 94 
NK 3.09 6.17 9.35 11.25 11. 76 8. 33 
PK 2.50 5.42 8.69 8.64 11. 10 7. 27 
NPK 4.06 7.61 11.05 13.80 15. 97 10. 50 
Mean 2.77 5.49 8.43 9.79 10. 10 
LSD 2.85 
IT 
Check 3.27 6.92 8.60 10.07 9. 59 7. 69 
N 8.82 18.06 19.81 24.63 17. 15 17. 69 
P 6.27 10.03 16.82 13.36 13. 23 11. 94 
NP 14.38 16.55 21.87 22.10 18. 80 18. 74 
K 4.86 9.77 10.67 12.97 10. 63 9. 78 
NK 10.21 15.76 21.45 22.72 21. 81 18. 39 
PK 7.82 12.67 17.47 15.65 17. 54 14. 23 
NPK 12.19 17.55 21.23 26.00 26. 04 20. 60 






Table B39. (Continued) 
Treat- Stage (days after silking) 
ment R^ +14 R^ +21 R^ +28 R^ +35 Harvest Mean LSD 
S 
Check 0.51 1.38 1.98 2.67 2.98 1.90 
N 1.60 4.25 5.14 7.14 6.49 4.92 
P 1.10 1.80 3.65 3.03 3.90 2.69 
NP 2.88 4.06 6.14 6.86 6.84 5. 36 
K 0.79 2.20 2.48 3.30 3.36 2.42 
NK 1.68 3.82 5.04 6.10 6.84 4.70 
PK 1.26 2.30 3.52 3.33 4.36 2.95 
NPK 2.19 3.99 5.35 6.78 7.54 5.17 
Mean 1.50 2.97 4.16 4.90 5.29 
LSD 1.29 
Ca 
Check 0.14 0.19 0.16 0.23 0.29 0.20 
N 0.25 0.31 0.35 0.51 0.49 0.38 
P 0.17 0.21 0.34 0.30 0.41 0.29 
NP 0. 32 0.27 0.44 0.49 0.53 0.41 
K 0.16 0.18 0.23 0.35 0.35 0.25 
NK 0.29 0.25 0.40 0.50 0.57 0.40 
PK 0.20 0.30 0.35 0.39 0.48 0.35 
NPK 0.27 0.28 0.41 0 . 58 0.63 0.43 
Mean 0.22 0.25 0.33 0.42 0.47 
LSD 0.11 
Check 0.50 1.17 1.82 2.35 2.74 1.71 
N 1.41 3.19 4.43 6.05 4.74 3.96 
P 0.96 1.67 3.76 3.20 3.90 2.70 
NP 2.20 3.00 4.83 5.24 5.27 4.11 
K 0.62 1.69 2.19 2.96 2. 55 2.00 
NK 1.41 2.67 4.41 4.95 5.49 3.78 
PK 1.04 2.16 3.52 3.59 4. 50 2.96 
NPK 1.75 3.15 4.59 6.02 6.94 4.49 
Mean 1.23 2.34 3.69 4.29 4. 52 
LSD 1.20 
Table B40. Mean squares from the analysis of variance for the N, P, K, S, Ca, and 
Mg contents (kg/ha) of grain sampled from the N-P-K experiment during 
the seed-filling period and at harvest of 1984 
Source of 
variation df^  pC S Ca*^  Mg 
Rep 2 (3) 0.10 0.02 0.03 0.07 0.16 0.04 
N 1 46.24** 50.17** 189.40** 194.08** 54.19** 91.14** 
P 1 1.13 16.33** 26.79* 9.30 10.14* 14.60* 
K 1 0.42 0.45 9.02 0.26 4.55 1.07 
N*P 1 0.13 1.18 5.54 0.31 2.50 2.21 
N*K 1 0.13 0.24 0.62 2.65 0.97 0.23 
P*K 1 0.01 0.52 0.35 0.09 0.04 0.53 
N*P*K 1 0.07 0.01 0.18 0.17 0.00 0.65 
Error (a) 14(21) 0.31 1.33 5.22 2.72 2.10 2.35 
Stage (St) 4 11.32** 23.47** 39.14** 57.09** 26.66** 46.68** 
N*St 4 1.87** 1.60** 2.04** 5.71** 1.88** 2.54** 
P*St 4 0.07 1.00** 0.99 0.86* 0.61 0.98** 
K*St 4 0.08 0.33 1.37* 0.37 0.69* 0.58 
N*P*K*St 16 0.06 0.23 0.85* 0.26 0.33 0.50* 
Error (b) 64(96) 0.04 0.14 0.42 0.26 0.27 0.24 
V^alues within parentheses are degrees of freedom that apply for N where 4 
replications were analyzed. 
b 3 X 10 for actual mean squares. 
x^ 10 for actual mean squares, 
x^ 10~^  for actual mean squares. 
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Table B41. Treatment means for the Mn, Fe, B, Cu, Zn, Al, 
and Na contents (g/ha) of grain sampled from the 
N-P-K experiment during the seed-filling period 
and at harvest of 1984 
Treat- Stage (days after silking) 
ment R^ +14 R^ +21 R^ +28 R^ +35 Harvest Mean LSD 
Mn 
Check 3.7 6.3 9.1 11.4 12.1 8.5 
N 8.5 16.7 22.0 29.8 21. 3 19.7 
P 5.7 10.1 17.4 13.8 17.8 13.0 
NP 13.6 16.9 25.1 29.4 28.1 22.6 
K 5.1 11.6 11.6 16.5 13.9 11.7 
NK 10.1 15.9 23.9 24.7 26.4 20.2 
PK 7.4 13.8 20.1 16.5 22.5 16.1 
NPK 11.4 19.5 22.8 29.1 31.6 22.9 
Mean 8.2 13.8 19.0 21.4 21.7 
LSD 6. 8 
Fe 
Check 8.1 24.5 34.8 44.9 54.2 33.3 
N 23.7 58.3 96.5 131.4 112.3 84.4 
P 14.2 30.1 66.2 57.0 67.1 46.9 
NP 118.0 63.3 114.4 126.3 126.6 109.1 
K 11.2 35.4 51.1 63.9 56.6 43.6 
NK 30.7 96.8 105.3 123.6 136.5 98.7 
PK 25.4 39.5 65.8 68.5 85.4 56.9 
NPK 29.6 68.6 102.9 129.9 162.2 98.6 
Mean 28.9 50.1 79.6 93.2 100.1 
LSD 28.8 
"D 
Check 2.1 4.0 
a 
6.1 8.9 5.8 5.4 
N 5.9 9.1 12.1 15.9 14.7 11.6 
P 3.7 5.6 10.1 9.8 13.7 8.6 
NP 9.2 8.1 13.1 14.7 15.8 12.3 
K 2.6 6.1 8.0 9.4 13.0 7.8 
NK 5.3 8.1 13.4 11.5 13.2 10.3 
PK 4.2 6.9 10.5 7.8 14.9 8.9 
NPK 6.9 10.2 16.5 15.6 21.3 14.1 
Mean 5.0 7.4 11.2 11.7 14.1 
LSD 5.2 
Cu 
Check 1.0 1.9 3.2 4.7 5.1 3.2 
N 4.2 6.5 9.0 10.3 9.8 8.0 
P 2.0 3.1 5.0 4.8 4.1 3.8 




0 . 6  
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Table B41. (Continued) 
Treat- Stage (days after silking) 
ment R^ +14 R^ +21 R^ +28 R^ +35 Harvest Mean LSD 
K 1.5 3.7 4.6 7.1 6.9 4.8 
NK 4.1 6.5 8.0 9.9 11.4 8.0 
PK 1.8 4.4 5.8 3.9 4.8 4.2 
NPK 4.4 7.4 8.1 11.6 12.6 8.9 
Mean 3.0 5.0 6. 6 7.8 8.2 
LSD 1.9 
Zn 
Check 9.7 26.4 39.9 54.4 62.5 38.6 
N 26.8 62.2 93.0 120.9 107.8 82.1 
P 18.0 35.5 76.8 63.0 82.7 55.2 
NP 59.1 65.3 103.9 113.1 119.3 92.1 
K 14.3 52.3 56.2 79.3 72.8 55.0 
NK 27.6 69.0 96.8 112.3 119.4 85.0 
PK 37.8 49.5 78.7 82.2 101.0 69.9 
NPK 50.1 67.7 91.7 122.2 138.4 94.0 
Mean 30.4 53.5 79.6 93.4 100.5 
LSD 28.5 
A1 
Check 2.8 7.5 18.5 22.8 34.4 17.2 
N 9.1 17.0 26.7 44.1 43.4 28.0 
P 3.6 14.5 24.0 23.0 37.1 20.4 
NP 15.2 26.4 41.4 41.4 49.2 34.7 
K 8.1 22.3 34.8 33.0 29.6 25.6 
NK 8.7 19.9 46.1 36.2 28.5 27.9 
PK 5.5 14.7 23.2 47.6 37.0 25.6 
NPK 14.4 21.4 34.5 61.9 51.7 36.8 
Mean 8.4 18.0 31.2 38.7 38.9 
LSD 11.6 
Na 
Check 1.4 4.2 4.0 7.9 14.0 6.3 
N 2.9 5.7 9.4 15.9 19.7 10.7 
P 3.7 4.7 10.6 12.4 22.8 10.8 
NP 10.5 8.8 11.3 19.3 22.8 14.5 
K 1.8 8.7 8.0 11.9 16.4 9.4 
NK 3.2 10.4 15.0 21.6 11.4 12.3 
PK 9.4 7.5 10. 3 24.9 9.7 12.4 
NPK 11.9 7.4 14.4 31.0 12.6 15.5 
Mean 5.6 7.2 10.4 18.1 16.2 • 
LSD 5.1 
Table B42. Mean squares from the analysis of variance for the Mn, Fe, B, Cu, Zn, 
Al, and Na contents (g/ha) of grain sampled from the N-P-K experiment 
during the seed-filling period and at harvest of 1984 
Source of 
variation df^  Mn*) Fe*^  Cu^  Zn^  AlC Na^  
Rep 2 0.33 0.24 0.15 0.25 0.05 0.08 0.07 
N 1 24.42** 80.90** 5.87** 54.16** 34.02** 2.80** 3.78** 
P 1 3.89* 4.91 1.48 0.19 4.78 0.67 3.92** 
K 1 0.93 1.10 0.20 1.40 2.40 0.45 0.95 
N*P 1 0.18 0.01 0.00 0.19 0.29 0.28 0.01 
N*K 1 0.57 0.50 0.09 0.26 1.29 0.26 0.08 
P*K 1 0.00 1.14 0.01 0.04 0.01 0.00 0.09 
N*P*K 1 0.00 1.12 0.51 0.71 0.00 0.06 0.01 
Error (a) 14 0.75 1. 35 0.44 0.56 1.32 0.22 0.42 
Stage (St) 4 7.97** 20.35** 3.17** 10.76** 20.38** 4.33** 7.23** 
N*St 4 0.62** 1.94** 0.05 0.97** 0.73** 0.07 0.42 
P*St 4 0.24** 0.61 0.16 0.20 0.51* 0.13 0.66 
K*St 4 0.12 0.86* 0.18 0.29* 0.17 0.22 1.94** 
N*P*K*St 16 0.11* 0.68* 0.04 0.20* 0.16 0.13 0.25 
Error (b) 64 0.06 0.30 0.11 0.09 0.18 0.09 0.32 
E^rror (b) source of variation for Fe has 62 df due to 2 missing values, 
x^ 10^  for actual mean squares. 
c 3 X 10 for actual mean squares. 
*^ x 10 for actual mean squares. 
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Table B43. Mean N, P, K, S, Ca, and Mg contents (kg/ha) of 
husks of whole plants sampled from the N-P-K ex­
periment during the seed-filling period of 1984 
Stage (days after silking) 
Treatment R^ +0 R^ +28 R^ +56 Mean LSD 
N 
Check 1.23 1.22 0.89 1.11 1.27 
PK 2.76 1.54 0.89 1.73 
NPK 3.67 4.09 3.11 3.62 
Mean 2.56 2.28 1.63 
LSD 1.70 
P 
Check 0.23 0.18 0.10 0.17 0.24 
PK 0.69 0.41 0.14 0.41 
NPK 0.74 0.65 0.32 0.57 
Mean 0.55 0.41 0.19 
LSD 0.36 
K 
Check 1.19 1.45 1.14 1.26 1.49 
PK 3.37 3.52 2.13 3.01 
NPK 3.92 4.08 3.48 3.83 
Mean 2.83 3.02 2.25 
LSD 1.78 
S 
Check 0.11 0.12 0.11 0.11 0.08 
PK 0.23 0.19 0.21 0.21 
NPK 0.35 0.39 0.36 0.37 
Mean 0.23 0.23 0.23 
LSD 0.17 
Ça 
Check 0.08 0.32 0.30 0.23 0.38 
PK 0.16 0.50 0.45 0.37 
NPK 0.51 0.50 0.92 0.64 
Mean 0.25 0.44 0.56 
LSD 0.48 
Mg 
Check 0.15 0.41 0.35 0.30 0.24 
PK 0.31 0.50 0.31 0.27 
NPK 0.64 0.68 0.73 0.68 
Mean 0.37 0.53 0.46 
LSD 0.46 
Table B44. Mean squares from the analysis of variance for the N, P, K, S, Ca, 
and Mg contents (kg/ha) of husks of whole plants sampled from the 
N-P-K experiment during the seed-filling period of 1984 
Source of 
variation df N pa K sb Ca® Mg® 
Rep 1 0.56 0.32 0.80 0.36 0.25 0.29 
Fertility (F) 2 10.28* 2.48 10.30* 9.82* 2.60 2.45 
Check vs others 1 9.77* 4.20* 18.58* 12.24* 2.93 1.98 
PK vs NPK 1 10.78* 0.77 2.03 7.40 2.28 2.92 
Error (a) 2 0.47 0.21 0.51 0.47 0.37 0.35 
Stage (St) 2 1.35 2.03* 0.96 0.00 1.44 0.40 
F*St 4 0.50 0.26 0.23 0.08 0.35 0.12 
Error (b) 6 0.81 0.29 1.11 0.34 0.73 0.30 
10 ^  for actual mean squares. 
10~^  for actual mean squares. 
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Table B45. Mean Mn, Fe, B, Cu, Zn, Al, and Na contents (g/ 
ha) of husks of whole plants sampled from the 
N-P-K experiment during the seed-filling period 
of 1984 
Stage (days after silking) 
Treatment R^ +0 R^ +28 R^ +56 Mean LSD 
Mn 
Check 1.1 3.6 4.3 3.0 3.4 
PK 2.6 5.6 4.7 4.3 
NPK 7.0 7.5 9.4 8.0 
Mean 3.6 5.6 6.1 
LSD 5.3 
Fe 
Check 7.1 15.6 12.6 11.8 18.4 
PK • 9.8 16.7 10.6 12.4 
NPK 33.4 45.6 25.1 34.7 
Mean 16.8 26.0 16.1 
LSD 1.6 
B 
Check 0.6 1.7 1.4 1.2 1.1 
PK 1.3 1.9 1.6 1.6 
NPK 2.9 2.8 3.2 3.0 
Mean 1.6 2.1 2.1 
LSD 2.3 
Cu 
Check 0.3 0.5 0.3 0.4 0.7 
PK 0.7 0.5 0.3 0.5 
NPK 2.0 1.7 1.3 1.7 
Mean 1.0 0.9 0.6 
LSD 1.2 
Check 3.4 5.8 5.3 4.8 3.9 
PK 8.5 9.5 4.4 7.5 
NPK 8.0 8.7 5.1 7.3 
Mean 6. 6 8.0 4.9 
LSD 4.4 
Check 4.9 18.1 19.4 • 14.1 56.4 
PK 23.8 89.0 20.3 44.4 
NPK 19.2 32.9 51.0 34.4 
Mean 15.9 46.7 30.2 
LSD 72.9 
Na 
Check 3.3 4.8 3.8 4.0 5.6 
PK 2.2 6.9 6.7 5.3 
NPK 6.2 9.8 6.6 7.5 
Mean 3.9 7.2 5.7 
LSD 4.6 
Table B46. Mean squares from the analysis of variance for the Mn, Fe, B, Cu, Zn, 
Al, and Na contents (g/ha) of husks of whole plants sampled from the 
N-P-K experiment during the seed-filling period of 1984 
Source of = h a 
variation df Mn® Fe^  B Cu Zn® A1 Na 
Rep 1 0.07 0.00 0.90 0.45 0.03 0.06 0.46 






 55.37** 4.43 2.16 2.58 0.25 2.45 
PK vs NPK 1 3.96 149.95** 5.81 3.86 0.01 0.03 1.51 
Error (a) 2 0.46 0.04 0.88 0.25 0.32 0.09 0.34 
Stage (St) 2 1.06 18.27 0.48 0.22 1.43 0.14 1.63 
F*St 4 0.13 4.78 0.19 0.08 5.51 0.11 0.35 
Error (b) 6 0.57 17.02 • 0.59 0.23 0.75 0.16 1.55 
10 for actual mean squares, 
b 4 X 10 for actual mean squares. 
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Table B47. Mean N, P, K, S, Ca, and Mg contents (kg/ha) of 
leaves of whole plants sampled from the N-P-K 
experiment during the seed-filling period of 1984 
Treat- Stage (days after silking) 
ment R^ + 0 R^ +14 R^ +28 R^ +42 R^ +56 Mean LSD 
N 
Check 22.83 21.44 11.30 4.45 2.85 12. 58 
PK 34.22 22.61 16.50 10.25 4.74 17. 66 
NPK 77.03 57.12 29.49 14.09 6.20 36. 79 
Mean 44.70 33.72 19.10 9.60 4.59 
LSD 7.63 
Check 2.25 2.03 
p 
1.08" 0.46 0.31 1. 23 
PK 4.19 3.09 2.24 1.44 0.92 2. 37 
NPK 8.44 6.76 3.32 1.86 0.66 4. 21 
Mean 4.96 3.96 2.21 1.25 0.63 
LSD 1.25 
tr 
Check 15.02 17.48 11.35" 3.49 1.35 9. 74 
PK 36.13 30.98 25.27 14.81 6.56 22. 75 
NPK 55.37 56.22 36.68 17.87 4.41 34. 11 
Mean 35.51 34.89 24.43 12.06 4.11 
LSD 13.33 
O 
Check 2.49 2.52 
O 
1.92 0.79 0.43 1. 63 
PK 2.90 2.23 1.74 1.15 0.54 1. 71 
NPK 5.76 5.03 2.96 1.57 0.72 3. 21 
Mean 3.72 3.26 2.21 1.17 0.56 
LSD 0.36 
Ca 
Check 11.82 13. 81 12.22 4.80 3.31 9. 19 
PK 13.86 13.48 13.27 8.17 4.23 10. 60 
NPK 23.35 30.97 21.61 12.91 6.13 18. 99 
Mean 16.35 19.42 15.70 8.63 4.55 
LSD 4.10 
Mg 
Check 8.35 9.24 7. 32 2.87 1.74 5. 91 
PK 6.05 5.23 4.47 2.47 1,08 3. 86 
NPK 14.28 16.20 9.72 4.57 2.15 9. 38 
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Table B48. Mean squares from the analysis of variance for the N, P, K, S, Ca, 
and Mg contents (kg/ha) of leaves of whole plants sampled from the 
N-P-K experiment during the seed-filling period of 1984 
Source of V. "U 
variation df N® P S Ca Mg 
Rep 1 0.06 0.18 0.31 0.00 0.02 0.39 
Fertility (F) 2 16.30** 22.66* 14.87* 7.86** 28,08* 7. 80* 
Check vs others 1 14.31* 28.48* 23.29* 4.59** 20.95* 0.34 
PK vs NPK 1 18.28** 16.85* 6.45 11.13** 35.22* 15.25* 
Error (a) 2 0.16 0.42 0.48 0.04 0.45 0.19 
Stage (St) 4 16.76** 19.88** 11.60** 10.75** 22.51** 8.59** 
F*St 8 2.64** 3.37** 1.38** o.lO* 2.13* 0.92* 
Error (b) 12 0.31 0.15 0.17 0.27 0.65 0.27 
10^  for actual mean squares, 
x^ 10 for actual mean guares. 
420 
Table B49. Mean Mn, Fe, B, Cu, Zn, Al, and Na contents (g/ha) 
of leaves of whole plants sampled from the N-P-K 
experiment during the seed-filling period of 1984 
Treat- Stage (days after silking) 
ment R^ + 0 R^ +14 R^ +28 R^ +42 R^ +56 Mean LSD 
Mn 
Check 40.2 57.5 57.1 28.3 26.5 41.9 
PK 54.7 58.6 54.6 38.8 21.1 47.6 
NPK 178.5 209.6 143.1 92.4 39.5 132.6 
Mean 94.5 108.6 84.9 53.2 29.0 
LSD 18.1 
Fe 
Check 156.2 156.5 124.4 60.9 61.0 111.8 
PK 265.8 199.1 183.0 149.0 74.5 174.3 
NPK 842.9 859.2 374.1 321.8 133.8 506.3 
Mean 421.6 404.9 227.2 177.2 89.8 
LSD 263.7 
g 
Check 14.5 25.2 23. l" 5.9 3.9 14.5 
PK 20.7 27.9 22.7 10. 3 4.5 17.2 
NPK 40.1 50.0 26.8 13.4 5.8 27.2 
Mean 25.1 34.4 24.2 9.9 4.7 
LSD 8.8 
Cu 
Check 4.5 5.1 4.6 1.9 1.8 3.6 
PK 6.0 3.9 3.0 2.3 0.9 3.2 
NPK 24.1 21.0 15.4 8.3 3.8 14.5 
Mean 11.5 10.0 7.7 4.2 2.2 
LSD 5.2 
Zn 
Check 33.0 45.0 39.5 23.4 13.2 30.8 
PK 41.2 37.8 33.4 20.2 9.1 28.3 
NPK 126.6 127.8 66.0 34.3 15.6 74.1 
Mean 66.9 70.2 46.3 26.0 12.6 
LSD 19.7 
A1 
Check 136.4 134.0 143.6 73.1 79.7 113.4 
PK 287.0 227.9 240.9 196.4 109.4 212.3 
NPK 883.8 1263.0 438.5 405.6 172.8 632.7 
Mean 435.8 541.6 274.4 225.0 120.6 
LSD 333.3 
Na 
Check 4.6 6.9 6.8 3.2 3.5 5.0 
PK 31.9 27.7 24.7 21.0 9.7 23.0 
NPK 84.8 31.7 5.8 11.1 2.1 27.1 









Table B50. Mean squares from the analysis of variance for the Mn, Fe, B, Cu, Zn, 
Al, and Na contents (g/ha) of leaves of whole plants sampled from the 
N-P-K experiment during the seed-filling period of 1984 
K r* a 
variation df Mn^  Fe B Cu Zn Al Na 
Rep 1 0. 00 2. 42 0. 22 0. 58 0.06 0. 49 0. 01 
Fertility (F) 2 25. 82** 44. 98* 44. 88* 41. 22* 66.10* 7. 60* 13. 82* 
Check vs 
others 1 15. 46** 34. 82* 39. 54* 18. 82* 27.65* 6. 37* 26. 80* 
PK vs NPK 1 36. 18** 55. 14* 50. 21* 63. 63* 104.54** 8. 84* 0. 85 
Error (a) 2 0. 09 1. 88 2. 09 0. 74 1.04 0. 30 0. 58 
Stage (St) 4 6. 29** 12. 59** 87. 75** 9. 17** 37.88** 1. 70** 11. 36** 
F*St 8 2. 00** 5. 13** 7. 98** 3. 22** 11.25** 1. 11** 6. 78** 
Error (b) 12 0. 14 0. 33 1. 25 0. 26 0.55 0. 19 0. 09 
10^  for actual mean squares. 
x^ 10^  for actual mean squares. 
^x 10 for actual mean squares. 
x^ 10^  for actual mean squares, 
e 5 X 10 for actual mean squares. 
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Table B51. Mean N, P, K, S, Ca, and Mg contents (kg/ha) of 
leaf sheaths of whole plants sampled from the 
N-P-K experiment during the seed-filling period 
of 1984 
Stage (days after silking) 
Treatment R^ +0 R^ +28 R^ +56 Mean LSD 
N 
Check 3.63 3.82 2.58 3.34 1.63 
PK 5.10 4.00 2.57 3.89 
NPK 11.27 6.64 5.03 7.64 
Mean 6.66 4.82 3.39 
LSD 3.52 
P 
Check 0.72 0.54 0.38 0.54 0.23 
PK 1.68 1.06 0.57 1.10 
NPK 2.06 1.43 0.73 1.41 
Mean 1.48 1.01 0.56 
LSD 0.75 
K 
Check 8.74 6.45 1.71 5.63 4.02 
PK 22.56 14.66 4.96 14.06 
NPK 30.46 20.65 6.27  19.13 
Mean 20.59 13.92 4.31 
LSD 6.62  
S 
Check 0.47 0.48 0.33 0.43 0.17 
PK 0.51 0.47 0.35 0.44 
NPK 0.96 0.72 0.58 0.75 
Mean 0.64 0.56 0.42 
LSD 0.27 
Ca 
Check 4.19 5.42 3.46 4.36 1.98 
PK 5.08 5.56 4.06 4.90 
NPK 9.45 9.61 6.78 8.61 
Mean 6.24 6.87 4.77 
LSD 1.82 
Mg 
Check 5.56 6.69 4.04 5.43 2.56 
PK 4.53 3.98 2.42 3.64 
NPK 10.46 8.09 4.71 7.76 
Mean 6.85 6.25 3.72 
LSD 3.74 
Table B52. Mean squares from the analysis of variance for the N, P, K, S, Ca, 
and Mg contents (kg/ha) of leaf sheaths of whole plants sampled from 
the N-P-K experiment during the seed-filling period of 1984 
Source of 
variation df N P S Ca Mg 
Rep 1 0.46 0.06 1.01 0.00 0.52 1.58 
Fertility (F) 2 32.92 1.14 27.88* 0.21 32.17* 25.52 
Check vs others 1 23.52 2.02* 48.06* 0.12 22.99* 0.29 
PK vs NPK 1 42.32* 0.27 7.71 0.29* 41.36* 50.76* 
Error (a) 2 2.01 0.09 0.71 0.01 0.53 2.26 
Stage (St) 2 16.13** 1.29** 40.15** 0.08* 6.97 16.53 
F*St 4 4.48 0.14* 3.78* 0.01 0.62 3.06 
Error (b) 6 1.33 0.03 0.81 0.01 1.97 3.29 
10 for actual mean squares. 
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Table B53, Mean Mn, Fe, B, Cu, Zn, Al, and Na contents (g/ 
ha) of leaf sheaths of whole plants sampled from 
the N-P-K experiment during the seed-filling 
period of 1984 
Stage (days after silking) 
Treatment R^ +0 R^ +28 R^ +56 Mean LSD 
Mn 
Check 46.3 100.1 78.1 74.8 30.0 
PK 77.0 93.9 63.2 78.0 
NPK 116.2 123.2 75.5 104.9 
Mean 79.8 105.7 72.2 
LSD 65.8 
Fe 
Check 27.4 39.5 37.1 34.7 29.6 
PK 74.4 49.5 61.0 61.6 
NPK 152.0 83.8 90.9 108.9 
Mean 84.6 57.6 63.0 
LSD 33.9 
B 
Check 7.5 9.4 6.2 7.7 2.7 
PK 8.6 8.8 5.7 7.7 
NPK 10.8 9.4 7.7 9.3 
Mean 9.0 9.2 6.5 
LSD 4.3 
Cu 
Check 1.5 1.7 2.7 2.0 1.5 
PK 1.1 0.8 0.7 0.9 
NPK 4.4 3.3 2.7 3.5 
Mean 2.3 1.9 2.0 
LSD 3.0 
Zn 
Check 17.9 28.3 16.6 30.9 5.5 
PK 17.8 19.7 11.1 16.2 
NPK 30.6 13.6 7.5 17.2 
Mean 22.1 20.5 11.7 
LSD 21.6 
A1 
Check 25.5 44.7 51.7 40.7 44.7 
PK 122.4 80.4 156.6 119.8 
NPK 180.5 74.9 81.0 118.4 
Mean 109. 5 66.7 99.5 
LSD 139.7 
Na 
Check 14.4 10.2 14.3 13.0 11.5 
PK 26.8 23.4 6.4 18.8 
NPK 36.1 3.7 6.4 15.4 
Mean 25.8 12.4 9.0 
LSD 19. 5 
Table B54. Mean squares from the analysis of variance for the Mn, Fe, B, Cu, Zn, 
Al, and Na contents (g/ha) of leaf sheaths of whole plants sampled 
from the N-P-K experiment during the seed-filling period of 1984 
Source of 
variation df^  Mn^  Fe^  B Cu Zn^  Alb Na^  
Rep 1 0.06 0.00 0.14 0.00 0.11 0.04 1.35 








10.23* 2.53 0.16 0.71 22.95 0.68 
PK vs NPK 1 2.17 6.70* 7.54 19.97 0.03 0.00 0.36 
Error (a) 2 0.70 0.19 2.96 1.43 0.76 3.16 0.61 
Stage (St) 2 1.85 1.22 13.11 0.29 1.87** 3.68 4.70* 
F*St 4 0.71 0.99 1.38 1.04 1.11* 2.70 2.15 
Error ( b )  6 0.45 0.44 3.77 1.08 0.15 0.91 0.66 
E^rror (b) source of variation for Al has 5 df due to a missing value. 
x^ 10^  for actual mean squares. 
c 2 X 10 for actual mean squares. 
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Table B55. Mean N, P, K, S, Ca, and Mg contents (kg/ha) of 
stalks of whole plants sampled from the N-P-K 
experiment during the seed-filling period of 
1984 
• Stage (days after silking) 
Treatment R^ + 0 R^ +28 R^ +56 Mean LSD 
N 
Check 10.24 6.75 ~ 6.15 7.71 2.48 
PK 11.64 7.49 6.19 8.44 
NPK 38.94 20.36 18.85 26.05 
Mean 20.27 11.53 10.40 
LSD 6.16 
P 
Check 1.66 1.15 0.92 1.24 1.18 
PK 7.15 7.98 3.58 6.24 
NPK 6.48 2.76 1.73 3.65 
Mean 5.09 3.96 2.08 
LSD 7.07 
K 
Check 7.48 6.81 5.73 6.67 13.52 
PK 73.09 81.89 62.05 72.34 
NPK 35.57 38.47 39.51 ' 37.85 
Mean 38.72 42.39 35.76 
LSD 15.26 
S 
Check 1.50 1.76 1.34 1.53 0.63 
PK 2.08 2.08 1.98 2.05 
NPK 3.02 2.00 1.63 2.22 
Mean 2.20 1.94 1.65 
LSD 0.79 
Ca 
Check 4.26 5.05 3.97 4.43 3.28 
PK 8.92 11.24 8.32 9.49 
NPK 14.32 14.81 13.94 14.36 
Mean 9.17 10.37 8.74 
LSD 3.13 
Mg 
Check 6.61 7.02 5.50 6.38 4.37 
PK 10.89 14.00 10.34 11.74 
NPK 19.75 17.51 16.78 18.01 
Mean 12.42 12.84 10.87 
LSD 6.78 
Table B56. Mean squares from the analysis of variance for the N, P, K, S, Ca, 
and Mg œntents (kg/ha) of stalks of whole plants sampled from the 
N-P-K experiment during the seed-filling period of 1984 
Source of 
variation df P S Ca® Mg® 
Rep 1 . 0.49 2.03 0.00 0.07 0.32 0.97 
Fertility (F) 2 64.69** 37.43 64.75** 0.76 14.80* 20.34* 
Check vs others 1 36.34* 54.86 93.79** 1.45 22.50** 28.89* 
PK vs NPK 1 93.05** 20.01 35.70* 0.08 7.10* 11.79 
Error (a) 2 0.61 8.10 0.38 0.10 0.16 0.74 
Stage (St) 2 17.51** 13.93** 0.66 0.45 0.43 0.64 
F*St 4 5.05** 4.87* 0.71 0.34 0.07 0.37 
Error (b) 6 0.31 0.69 0.92 0.20 0.54 0.96 
10 for actual mean squares. 
10^  for actual mean squares. 
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Table B57. Mean Mn, Fe, B, Cu, Zn, Al, and Na contents (g/ 
ha) of stalks of whole plants sampled from the 
N-P-K experiment during the seed-filling period 
of 1984 
Stage (days after silking) 
Treatment R^ +0 R^ +28 R^ +56 Mean LSD 
Mn 
Check 8.7 14.5 16.9 13.4 
PK 23.8 23.1 15.1 20.7 
NPK 32.6 24.1 23.1 26.6 
Mean 21.7 20.5 18.4 
LSD 16.8 
Fe 
Check 25.9 49.2 45.5 40.2 
PK 95.9 98.7 76.8 90.5 
NPK 327.3 195.0 156.5 226. 3 
Mean 149.7 114.3 92.9 
LSD 150.3 
B 
Check 5.9 6.8 5.5 6.1 
PK 7.2 8.2 6.2 7.2 
NPK 13.7 10.8 11.7 12.1 
Mean 8.9 8.6 7.8 
LSD 6.7 
Cu 
Check 4.5 3.5 3.7 3.9 
PK 4.6 4.4 3.8 4. 3 
NPK 16.5 11.9 12.2 13.5 
Mean 8.5 6.6 6.6 
LSD 3.6 
Check 52.1 62.7 45.2 53.4 
PK 59.0 63.0 30.8 50.9 
NPK 56.6 24.0 18.5 33.1 
Mean 55.9 49.9 31.5 
LSD 44.4 
Check 48.0 72.6 71.9 64.2 
PK 1484.3 406.1 448.3 779.6 
NPK 253.8 101.9 105.6 153.8 
Mean 595.4 193.5 208.6 
LSD 149.5 
Na 
Check 35.6 34.1 28.5 32.7 
PK 8.8 9.9 8.8 9.2 
NPK 27.0 12.8 17.7 19.2 









Table B58. Mean squares from the analysis of variance for the Mn, Fe, B, Cu, Zn, 
Al, and Na contents (g/ha) of stalks of whole plants sampled from the 
N-P-K experiment during the seed-filling period of 1984 
Source of 
variation df Mn^  Fe^  B Cu Zn^  Al^  Na^  
Rep 1 0.01 0.14 0.02 0.02 0.44 0.12 0.01 
Fertility (F) 2 2.64 5.56 60. 80 178.22* 0.74 9.11** 8.38* 
Check vs 
others 1 4.22 5.59 49.97 99.66* 0.52 6.48** 13.76* 
PK vs NPK 1 1.05 5.53 71.62 256.78** 0.96 11.75** 3.00 
Error (a) 2 0.46 0.37 7. 30 2.09 0.32 0.04 0.17 
Stage (St) 2 0.17 0.49 2.03 7.41 0.97* 3.11** 0.53 
F*St 4 0.60 0.59 2.63 3.28 0.32 2.25** 0.40 
Error (b) 6 0.17 0.34 6. 38 3.54 0.13 0.12 1.34 
x^ 10^  for actual mean squares. 
b* 104 for actual mean squares. 





 for actual mean squares. 
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Table B59. Mean N, P, K, S, Ca, and Mg contents (kg/ha) of 
individual parts of whole plants sampled from 
check plots of the N-P-K experiment during the 
seed-filling period of 1984 
Stage (days after silking) 
Plant part R^ + 0 R^ +14 R^ +21 • R^ +28 R^ +35 R^ +42 R^ +56 
Leaves 22. 83 21. ,44 
N 
11. ,30 4. ,45 2. ,85 
Sheaths 3. 63 3. ,80 - 3. ,82 - 2. ,76 2. ,58 
Stalks 10. ,24 11. ,41 - 6. ,75 - 7. ,29 6. ,15 
Tassels 2. ,93 1. ,07 - 0. ,88 - 0. ,37 0. ,25 
Lower ears 0. ,30 0. ,25 - 0. ,11 - 0. ,16 
Husks 1. ,23 2. ,11 - 1. ,22 - 0. ,95 0. ,89 
Shanks 0. ,29 0. ,47 - 0. ,29 - 0. ,28 0. 26 
Cobs 2. ,27 6. ,86 - 3. ,86 - 2. ,08 3. ,40 
Silks 0. ,97 1. ,29 - 0. ,95 - 0. ,43 0. ,44 
Grain 0. ,00 7. ,18 14.06 21. ,73 27.71 30. ,65 
Whole ears 5. ,06 18. ,16 - 28. ,16 - 35. ,80 
Whole plants 44. ,69 55. ,88 50. ,91 47. ,63 
Leaves 2. ,25 2. ,03 
P 
1. ,08 _ 0. ,46 0. ,31 
Sheaths 0. ,72 0. ,72 - 0. ,54 - 0. ,40 0. ,38 
Stalks 1. ,66 1. ,92 - 1. ,15 - 0. ,87 0. ,92 
Tassels 0. 41 0. ,13 - 0. ,10 - 0. ,04 0. ,03 
Lower ears 0. 03 0. ,04 - 0. ,03 - 0. ,02 
Husks 0. 23 0. ,35 - 0. ,18 - 0. ,09 0. ,10 
Shanks 0. 04 0. ,08 - 0. ,04 - 0. ,03 0. ,04 
Cobs 0. 32 1. ,16 - 0. ,45 - 0. ,25 0. ,27 
Silks 0. 15 .0. ,19 - 0. ,10 - 0. 04 0. ,02 
Grain 0. 00 0. ,97 2.63 3. ,77 5.21 5. ,62 
Whole ears 0. 77 2. ,79 - 4. ,57 - 6. ,07 
Whole plants 5. 81 7. ,59 7. ,44 7. ,71 
Leaves 15. ,02 17. ,48 
K 
11. ,35 3. 49 1. 35 
Sheaths 8. ,74 7. ,24 - 6. 45 - 3. ,40 1. 71 
Stalks 7. ,48 6. ,24 - 6. 81 - 5. 20 5. 73 
Tassels 2. 19 1. 08 - 0. 54 - 0. 13 0. 06 
Lower ears 0. ,15 0. ,23 - 0. 21 - 0. 02 0. 16 
Husks 1. ,19 1. 37 - 1. 45 - 1. .33 1. 14 
Shanks 0. ,16 0. 33 - 0. 43 - 0. 51 0. .66 
Cobs 1. 23 4. 80 - 5. 65 - 6. 53 8. 90 
Silks 0. ,98 1. 34 - 0. 71 - 0. 23 0. 14 
Grain 0. 00 3. 27 6.92 8. 60 10.07 9. 59 
Whole ears 3. ,71 11. . 34 - 17. ,05 - 20. ,59 
Whole plants 37. 14 43. 38 - 42. 20 - 29. 44 
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Table B59. (Continued) 
Stage (days after silking) 
Plant part R^ + 0 R^ +14 R^ +21 R^ +28 R^ +35 R^ +42 R^ +56 
Leaves 2. ,49 2. ,52 
S 
1. ,92 0. 79 0. ,43 
Sheaths 0. ,47 0. ,50 - 0. ,48 M* 0. 37 0. ,33 
Stalks 1. ,50 1. ,55 - 1. ,76 - 1. 36 1. ,34 
Tassels 0. ,24 0. ,13 - 0. ,13 - 0. 05 0. ,03 
Lower ears 0. ,02 0. ,02 - 0. ,02 - 0. ,02 
Husks 0. ,11 0. ,20 - 0. ,12 - 0. 08 0. ,11 
Shanks 0. ,02 0. ,05 - 0. ,05 - 0. 04 0. ,05 
Cobs 0. ,14 0. ,55 - 0. ,33 - 0. 21 0. ,31 
Silks 0. ,06 0. ,09 - 0, 07 - 0. 03 0. ,03 
Grain 0. ,00 0. ,51 1. 38 1. ,98 2 . 6 1  2. ,98 
Whole ears 0. ,35 1. ,42 - 2. ,57 - 3. ,50 
Whole plants 5. ,05 6. ,12 - 6. ,86 - 5. ,63 
Ça 
Leaves 11. ,82 13. ,81 12. ,22 - 4. 80 3. ,31 
Sheaths 4. ,19 4, 74 - 5. ,42 - 3. 79 3. 46 
Stalks 4. ,26 5. ,69 - 5. ,05 - 3. 98 3. ,97 
Tassels 0. ,32 0. ,34 - 0. ,43 - 0. 20 0. ,14 
Lower ears 0. ,01 0. ,03 - 0. ,04 - 0. 01 0. 04 
Husks 0. ,08 0. ,25 - 0. ,32 - 0. 24 0. ,30 
Shanks 0. ,01 0. ,04 - 0. ,04 - 0. 02 0. ,04 
Cobs 0. ,08 0. ,24 - 0. ,25 - 0. 11 0. ,10 
Silks 0. ,06 0. ,08 - 0. ,06 - 0. 02 0. ,03 
Grain 0. ,00 0. ,14 0.19 0. ,16 0.23 0. ,29 
Whole ears 0. ,24 0. ,78 - 0. ,87 - 0. ,80 
Whole plants 20. ,83 25. ,36 - 23. ,99 - 11. ,68 
Mq 
Leaves 8. 35 9. ,24 - 7. ,32 - 2. 87 1. ,74 
Sheaths 5. ,56 6. ,53 - 6. ,69 - 4. 47 4. ,04 
Stalks 6. 61 8. ,02 - 7. ,02 - 5. 13 5. ,50 
Tassels 0. ,30 0. ,31 - 0. ,33 - 0. 14 0. ,08 
Lower ears 0. 02 0. ,04 - 0. ,05 - 0. 01 0. ,06 
Husks 0. ,15 0. ,41 - 0. ,41 - 0. 30 0. ,35 
Shanks 0. ,03 0. ,08 - 0. ,05 - 0. 02 0. ,03 
Cobs 0. ,17 0. ,66 - 0. ,32 - 0. 13 0. ,14 
Silks 0. ,06 0. ,08 - 0. ,06 • - 0. 03 0. ,03 
Grain 0. ,00 0. ,50 1.17 1. ,82 2.35 2. ,74 
Whole ears 0. ,43 1. ,77 - 2. ,71 - 3. ,35 
Whole plants 21. ,25 25. ,87 - 24. ,07 - 14. ,71 
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Table B60. Mean Mn, Fe, B, Cu, Zn, Al, and Na contents (g/ha) 
of individual parts of whole plants sampled from 
check plots of the N-P-K experiment during the 
seed-filling period of 1984 
Stage (days after silking) 
Plant part R^+ 0 R^+14 R^+21 R^+28 *1+35 R^+42 R^+56 
Mn 
Leaves 40.2 57.5 - 57.1 - 28.3 26.5 
Sheaths 46.3 90.1 - 100.1 - 71.6 78.1 
Stalks 8.7 16.7 - 14.5 - 21.2 16.9 
Tassels 3.9 4.5 - 6.0 - 2.5 1.9 
Lower ears 0.2 0.5 - 0.7 - 0.2 0.9 
Husks 1.1 3.4 - 3.6 - 3.0 4.3 
Shanks 0.1 0.5 - 0.4 - 0.2 0.3 
Cobs 1.3 3.8 - 3.1 - 1.9 2.7 
Silks 0.5 0.8 - 0.7 - 0.8 0.5 
Grain 0.0 3.7 6. 3 9.1 11. 4 - 12.1 
Whole ears 3.2 12.7 - 17.6 • — - 20.8 
Whole plants 102.3 181.5 - 195.2 - - 144.2 
Fe 
Leaves 156.2 156.5 124.4 - 60.9 61.0 
Sheaths 27.4 26.7 - 39.5 - 35.0 37.1 
Stalks 25.9 76.1 - 49.2 - 50.7 45.5 
Tassels 18.5 8.9 - 17.1 - 19.5 22.9 
Lower ears 1.4 2.4 - 1.4 - 0.3 1.5 
Husks 7.1 15.5 - 15.6 - 10.3 12.6 
Shanks 0.8 1.6 - 1.4 - 1.1 1.1 
Cobs 7.8 46.3 - 16.2 - 7.4 23.1 
Silks 3.9 5.4 - 4.6 - 1.7 1.5 
Grain • 0.0 8.1 24. 5 34.8 44. 9 - 54.2 
Whole ears 21.0 79.3 - 74.0 - - 94.0 
Whole plants 249.0 347.5 — 304.2 — — 260.5 
Leaves 14.5 25.2 
B 
23.1 5.9 3.9 
Sheaths 7.5. 10.8 - 9.4 - 6.3 6.2 
Stalks 5.9 8.8 - 6.8 - 4.9 5.5 
Tassels 3.5 4.0 - 3.6 - 0.8 0.4 
Lower ears 0.1 0.2 - 0.1 - - 0.1 
Husks 0.6 1.6 - 1.7 - 1.0 1.4 
Shanks 0.1 0.2 - 0.1 - 0.1 0.2 
Cobs 0.5 2.4 - 1.8 - 1.7 2.0 
Silks 0.6 0.9 - 0.7 - 0.2 0.2 
Grain 0.0 2.1 4. 0 6.1 8. 9 - 5.8 
Whole ears 1.9 7.4 - 10.5 - - 9.7 
Whole plants 33.3 56.2 - 53.4 - - 25.7 
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Table B60. (Continued) 
Stage (days after silking) 
Plant part R^+ 0 R^+14 R^+21 R^+28 R^+35 R^+42 R^+56 
Cu 
Leaves 4.5 5.1 - 4.6 - 1.9 1.8 
Sheaths 1.5 1.8 - 1.7 - 1.4 2.7 
Stalks 4.5 5.0 - 3.5 . - 2.8 3.7 
Tassels 0.4 0.2 - 0.3 - 0.2 0.1 
Lower ears 0.1 0.1 - 0.1 - - 0.1 
Husks 0.3 0.5 - 0.5 - 0.4 0.3 
Shanks 0.1 0.2 - 0.2 - 0.1 0.2 
Cobs 0.3 1.6 - 3.8 - 1.1 5.2 
Silks 0.2 0.3 - 0.2 - 0.1 0.1 
Grain 0.0 1.0 1. 9 3.2 4.7 - 5.1 
Whole ear 1.0 3.7 - 8.0 - - 11.0 
Whole plant 11.9 15.8 - 18.1 - - 19.3 
Zn 
Leaves 33.0 45.0 39.5 - 23.4 13.2 
Sheaths 17.9 24.1 - 38.3 - 19.8 16.6 
Stalks 52.1 65.3 - 62.7 - 41.2 45.2 
Tassels 9.2 8.8 - 9.0 - 3.3 1.4 
Lower ears 0.4 0.6 - 0.5 - 0.1 0.5 
Husks 3.4 7.5 - 5.8 - 4.2 5.3 
Shanks 0.7 4.7 - 3.5 - 2.1 2.8 
Cobs 3.7 20.9 - 23.4 - 12.0 18.3 
Silks 2.1 2.7 - 1.9 - 0.9 0.5 
Grain 0.0 9.7 26. 4 39.9 54.4 - 62.5 
Whole ears 10.3 46.1 - 75.0 - - 89.9 
Whole plants 122.5 189.3 - 214.5 - - 166.3 
àl 
Leaves 136.4 134.0 - 143.6 - 73.1 79.7 
Sheaths 25.5 22.8 - 4.7 - 35.6 51.7 
Stalks 48.0 111.6 - 72.6 - 61.8 71.9 
Tassels 18.0 10.6 - 23.6 - 12.9 21.5 
Lower ears 0.9 1.2 - 1.0 - 0.3 1.2 
Husks 4.9 12.2 - 18.1 - 11.4 19.4 
Shanks 0.6 1.5 - 1.8 - 1.1 1.0 
Cobs 1.1 11.8 - 25.6 - 10.7 21.4 
Silks 3.9 5.1 - 4.4 - 2.1 1.7 
Grain 0.0 2.8 7. 5 18.5 22.8 - 34.4 
Whole ears 11.4 34.6 - 69.4 - - 79.1 
Whole plants 239.3 313.6 - 353.9 - - 303.9 
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Table B60. (Continued) 
Stage (days after silking) 
Plant part R^+ 0 R^+14 R^+21 R^+28 R^+35, R^+42 R^+56 
Na 
Leaves 4.6 6.9 - 6.8 - 3.2 3.5 
Sheaths 14.4 15.8 - 10.2 - 7.0 14.3 
Stalks 35.6 59.6 - 34.1 - 22.5 28.5 
Tassels 2.6 2.8 - 3.6 - 1.2 0.5 
Lower ears 0.4 0.6 - 0.2 - 0.1 0.2 
Husks 3.3 7.0 - 4.8 - 2.0 3.8 
Shanks 0.2 0.9 - 1.2 - 0.4 0.3 
Cobs 0.2 4.6 - 4.0 - 3.9 1.7 
Silks 0.8 1.7 - 1.1 - 0.2 0.2 
Grain 0.0 1.4 4.2 4.0 7.9 - 14.0 
Whole ears 4.9 16.2 - 15.3 - - 20.2 
Whole plants 62.1 101.4 - 70.0 - - 67.0 
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Table B61. Treatment means for the dry weights (kg/ha) of 
plant parts sampled from the N-P-K experiment 
during the seed-filling period of 1985 
Treat- Stage (days after silking) 
ment R^+ 0 R^+14 R^+28 R^+42 R^+56 Mean LSD 
Ear leaves 
Check 511 457 483 460 429 468 
N 585 532 592 555 528 558 
P 569 559 504 538 510 536 
NP 590 566 580 558 513 561 
K 474 442 464 382 377 428 
NK 573 555 516 547 500 538 
PK 567 582 542 514 516 544 
NPK 630 638 615 617 578 616 
Mean 563 541 537 521 494 
LSD 67 
Cobs 
Check 127 829 929 967 958 752 
N 168 1059 1486 1428 1526 1133 
P 165 1077 1054 1181 1236 943 
NP 161 1072 1358 1450 1343 1077 
K 142 792 1139 864 874 762 
NK 252 1161 1331 1469 1503 1143 
PK 95 1011 1069 1106 1022 861 
NPK 144 1388 1364 1490 1415 1160 
Mean 157 1049 1216 1244 1235 
LSD 208 
Grain 
Check 0 396 1898 4462 5376 2427 
N 0 482 3409 6657 8197 3749 
P 0 541 2564 5965 6854 3184 
NP 0 408 3044 6742 7892 3617 
K 0 338 2024 3609 4721 2138 
NK 0 607 3385 7017 8166 3835 
PK 0 446 2674 5289 6745 3031 
NPK 0 625 3958 7538 9156 4255 
Mean 0 480 2869 5910 7138 
LSD 901 
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Table B62. Mean squares from the analysis of variance for 
the dry weights of plant parts sampled from the 
N-P-K experiment during the seed-filling period 
of 1985 
Source of Ear 
variation df leaves^ Cobs^ Grain^ 
Rep 3 0.33 0.17 0.74 
N 1 22.05** 35.15** 54.66** 
P 1 15.76** 1.43 9.40* 
K 1 0.00 0.00 0.88 
N*P 1 2.70 2.54 4.63 
N*K 1 1.10 0.76 3.40 
P*K 1 3.76 0.00 1.18 
N*P*K 1 0.16 0.60 0.44 
Error (a) 21 1.02 1.00 1.87 
Stage (St) 4 2.09** 69.87** 324.54** 
N*St 4 0.14 2.00** 10.14** 
P*St 4 0.23 0.63** 1.93** 
K*St 4 0.17 0.22 0.16 
N*P*K*St 16 0.14 0.28 0.46 
Error (b) 96 0.12 0.16 0.40 
lO'^ for actual mean squares. 
^x 10^ for actual mean squares, 
c 6 X 10 for actual mean squares. 
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Table B63. Treatment means for the N, P, K, S, Ca, and Mg 
concentrations {%) of ear leaves sampled from 
the N-P-K experiment during the seed-filling 
period of 1984 
Treat- Stage (days after silking) 
ment R^+0 R^+14 R^+28 R^+42 R^+56 Mean LSD 
N 
Check 2.13 1.72 1.45 1.16 0.83 1.46 
P 2.10 1.71 1.54 1.31 0.78 1.49 
NP 2.38 2.50 3.10 1.83 1.24 2.21 
K 2.05 1.60 1.28 0.99 0.72 1.33 
PK 1.86 1.69 1.47 1.18 0.69 1.38 
NPK 2.62 2.54 2.36 1.92 1.18 2.12 
Mean 2.19 1.96 1.87 1.40 0.91 
LSD 0.14 
Check 0.15 0.15 0.13 
P 
0.11 0.07 0.12 
P 0.21 0.19 0.18 0.17 0.12 0.18 
NP 0.23 0.23 0.31 0.15 0.10 0.20 
K 0.14 0.12 0.09 0.07 0.04 0.09 
PK 0.18 0. 21 0.16 0.14 0.11 0.16 
NPK 0.22 0.26 0.22 0.16 0.09 0.19 
Mean 0.19 0.19 0.18 0.13 0.09 
LSD 0.03 
K 
Check 1.00 0.99 0. 84 0.63 0.41 0.77 
P 0.81 0.81 0.75 0.46 0.26 0.62 
NP 0.88 0.91 0.76 0.60 0.32 0.69 
K 1.61 1.45 1.41 1.16 0.64 1.25 
PK 1.51 1.50 1.37 1. 34 1.21 1.39 
NPK 1.43 1.44 1.38 1.26 1.08 1.32 
Mean 1.21 1.18 1.09 0.91 0.65 
LSD 0.11 
Check 0.14 0.12 0.12 
S 
0.16 0.13 0.14 
P 0.13 0.12 0.13 0.16 0.10 0.13 
NP 0.14 0.16 0.17 0.15 0.11 0.15 
K 0.13 0.11 0.10 0.12 0.10 0.11 
PK 0.11 0.11 0.10 0.13 0.11 0.11 
NPK 0.15 0.16 0.15 0.14 0.11 0.14 




0 .06  
0.01 
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Table B63. (Continued) 
Treat- Stage (days after silking) ^ 
ment R^+0 R^+14 R^+28 R^+42 R^+56 Mean LSD 
Check 0.69 0.82 0.90 0.97 0.93 0.86 
P 0.80 0.83 1.02 1.13 0.96 0.95 
NP 0.74 0.84 1.10 1.03 1.15 0.97 
K 0.55 0.65 0.76 0.80 0.78 0.71 
PK 0.64 0.77 0.79 0.85 1.02 0.81 
NPK 0.69 0.81 0.74 0. 86 1.05 0.83 
Mean 0.69 0.79 0 . 89 0.94 0.98 
LSD 0.05 
Mg 
Check 0.68 0.70 0.77 0.84 0.70 0.74 
P 0.87 0.84 0.97 1.01 0. 81 0.90 
NP 0.78 0.84 0.99 0.98 0.95 0.91 
K 0.38 0.43 0.50 0.52 0.46 0.46 
PK 0.50 0.53 0.53 0.52 0.63 0.54 
NPK 0.55 0.60 0.58 0.59 0.67 0.60 
Mean 0.63 0.66 0.72 0.74 0.70 
LSD 0.13 
Table B64. Mean squares from the analysis of variance for the N, P, K, S, Ca, and 
Mg concentrations (%) of ear leaves sampled from the N-P-K experiment 
during the seed-filling period of 1985 
Source of 
variation df N® pb Sb Ca^ Mg^ 
Rep 2 1.84* 7.34* 0.28 2.59** 3.66** 0.50 
N 1 80.89** 12.33* 0.00 7.71** 0.50 0.19 
P 1 0.24 54.00** 0.02 0.17 13.92** 2.21* 
K 1 2.66* 8.41* 88.11** 5.29** 46.66** 22.53** 
N*P*K 2 0.04 0.37 1.56** 0.48 0.08 0.12 
Error (a) 10 0.28 1.47 0.19 0.29 0.33 0.26 
Stage (St) 4 47.15** 38.67** 9.60** 2.33** 26.08** 0.42** 
N*St 4 4.76** 8.53** 0.14 2.09** 1.73** 0.06 
P*St 4 0.41 0.09 0.55** 0.10 0.20 0.02 
K*St 4 0.66* 1.64** 0.10 0.36** 2.77** 0.22** 
N*P*K*St 8 0.80** 0.93** 0.32** 0.25* 1.34** 0.06 
Error ( b )  48 0.18 0.29 0.09 0.09 0.41 0.04 
^x 10" 1 for actual mean squares. 





0^ 2 for actual mean squares. 
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Table B65. Treatment means for the Mn, Fe, B, Cu, Zn, Al, 
and Na concentrations (jig/g) of ear leaves 
sampled from the N-P-K experiment during the 
seed-filling period of 1985 
Treat- Stage (days after silking) 
ment R^+0 R^+14 R^+28 R^+42 R^+56 Mean LSD 
Mn 
Check 42 56 47 47 80 54 
P 45 48 53 61 56 52 
NP 54 77 59 98 75 73 
K 62 41 35 49 40 45 
PK 48 54 38 50 39 46 
NPK 62 69 57 67 49 61 
Mean 52 58 48 62 57 
LSD 10 
Fe 
Check 237 143 211 172 498 252 
P 243 147 167 198 575 266 
NP 156 149 117 186 434 208 
K 277 127 214 151 409 226 
PK 161 143 165 154 212 167 
NPK 192 175 210 211 248 207 
Mean 203 147 181 179 396 
LSD 46 
B 
Check 6.0 6.0 4.7 6.0 6.0 5.7 
P 6.3 6.3 5.0 7.7 7.3 6.5 
NP 8.3 8.0 7.3 6.3 7.0 7.4 
K 6.0 5.7 4.7 6.7 7.3 6.1 
PK 6. 3 6.3 3.0 5.3 9.3 6.1 
NPK 7.3 7.3 3.7 5.3 8.3 6.4 
Mean 6.7 6.6 4.7 6.2 7.5 
LSD 0.9 
Cu • 
Check 6.7 4.3 4.3 3.3 4.0 4.5 
P 5.7 4.3 4.3 4.0 4.3 4.5 
NP 7.7 6.3 7.3 6.7 8.0 7.2 
K 6.3 4.7 4.3 2.7 3.0 4.2 
PK 5.3 5.0 4.3 3.7 3.0 4.3 
NPK 8.0 8.3 8.3 7.3 7.3 7.9 
Mean 6.6 
in in 
5.5 4.6 4.9 
LSD 0.9 
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Table B65. (Continued) 
Treat- Stage (days after silking) 
ment R^+0 R^+14 R^+28 R^+42 R^+56 Mean LSD 
Zn 
Check 46 42 39 35 35 40 
P 33 29 32 28 25 29 
NP 41 40 27 37 42 37 
K 36 35 36 33 35 35 
PK 27 . 28 26 20 20 24 
NPK 41 41 40 36 33 38 
Mean 37 36 33 32 32 
LSD 6 
M 
Check 205 97 181 129 496 221 
P 196 89 122 141 541 218 
NP 91 80 47 126 398 149 
K 195 78 191 119 406 • 198 
PK 119 83 124 120 166 122 
NPK 137 96 155 155 185 145 
Mean 157 87 137 132 365 
LSD 54 
Na 
Check 258 386 377 352 269 328 
P 316 526 509 434 171 391 
NP 216 349 215 356 216 271 
K 375 577 555 453 257 443 
PK 189 392 356 369 375 336 
NPK 204 418 332 370 405 346 
Mean 260 441 391 389 282 
LSD 211 
Table B56. Mean squares from the analysis of variance for the Mn, Fe, B, Cu, Zn, 
Al, and Na concentrations ((ig/g) of ear leaves sampled from the N-P-K 
experiment during the seed-filling period of 1985 
Source of "U 
variation df Mn^ Fe^ B Cu Zn^ Al Na^ 
Rep 2 19.42** 0.17 5.20* 0.23 0.08 , 0.47 97.91** 
N 1 45.76** 0.12 5.40 147.27** 17.93** 0.79 4.64 
F 1 0.07 0.76 2.40 0.02 15.91** 2.36* 0.74 
K 1 19. 32** 4.02** 3.21 0.01 2.15 3.71* 4.58 
N*P*K 2 0.53 1.94* 3.38 2.34 0.80 1.77 5.94 
Error (a) 10 1.63 0.32 1.21 1.33 0.46 0.44 6.71 
Stage (St) 4 5.03** 17.92** 19.46** 10.40** 1.14** 21.41** 10.89** 
N*St 4 3.78** 0. 86 3.81** 3.08** 0.42* 1.03 2.51* 
P*St 4 1.99 0. 33 2.11** 1.31** 0.05 0.56 0.26 
K*St 4 8.49** 4.26** 7.07** 2.40** 0.34* 5.01** 1.16 
N*P*K*St 8 2. 35* 0.55 1.49* 0.11 0.48** 0.64 2.05* 
Error (b) 48 0.83 0.52 0.53 0.28 0.12 0.57 0.82 
10^ for actual mean squares, 
b 4 X 10 for actual mean squares. 
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Table B67. Treatment means for the N, P, K, S, Ca, and Mg 
concentrations {%) of grain sampled from the N-
P-K experiment at 28 days after silking and at 
harvest of 1985 
t Stage (days after silking) 
ment R^+28 Harvest Mean LSD R^+28 Harvest Mean LSD 
N 
Check 1.45 1.24 1.35 0. 05 0.25 0.22 0.24 
P 1.49 1.17 1.33 0. 32 0.28 0.30 
MP 1.48 1.42 1.45 0.28 0.24 0.26 
K 1.50 1.22 1.36 0.23 0.20 0.22 
PK 1.44 1.15 1.30 0.29 0.27 0.28 
NPK 1.53 1.40 1.47 0.29 0.25 0.27 





Check 0.55 . 0.33 0.49 0. 03 0.10 0.08 0.09 
P 0.70 0.37 0.53 0.10 0.08 0.09 
NP 0.68 0.34 0.51 0.10 0.09 0.09 
K 0.58 0.32 0.45 0.10 0.08 0.09 
PK 0.62 0.36 0.49 0.10 0.08 0.09 
NPK 0.72 0.34 0.53 0.10 0.08 0.09 
Mean 0.66 0.34 0.10 0.08 
LSD 0.55 0.00 
Check 0.02 0.01 
Ca 
0.01 0. 00 0.11 0.10 
Mg 
0.10 
P 0.02 0.01 0.02 0.12 0.11 0.12 
NP 0.01 0.01 0.01 0.12 0.10 0.11 
K 0.02 0.01 0.01 0.10 0.09 0.10 
PK 0.02 0.01 0.01 0.11 0.10 0.11 
NPK 0.01 0.01 0.01 0.12 0.10 0.11 
Mean 0.02 0.01 0.11 0.10 




Table B68. Mean squares from the analysis of variance for the N, P, K, S, Ca, and 
Mg concentrations (%) of grain sampled from the N-P-K experiment at 28 
days after silking and at harvest of 1985 
Source of 
variation df pb S^ Ca^ Mg"^ 
Rep 2 0.02 3.94** 1.24** 0.33 0.19 0.53* 
N 1 12.25** 0.67 0.78* 1.13** 0.35* 1.39** 
P 1 1.00 24.07** 1.17* 0.38 0.04 6.00** 
K 1 0.00 1.34* 0.40 0.03 0.44* 2.78** 
N*P*K 2 0.23 0.80 0.41 0.03 0.19 1.03** 
Error (a) 10 0.30 0.23 0.13 0.10 0.06 0.09 
Stage (St) 1 40.96** 10.68** 89.62** 26.69** 1.78** 13.44** 
N*St 1 6.30** 0.36 0.82* 0.01 0.35 0.06 
P*St 1 0.45 0.02 0.00 0.04 0.04 0.00 
K*St 1 0.28 0.10 0.19 0. 25 0.44* 0.11 
N*P*K*St 2 0. 32 0.18 0.35 0.08 0.19 0.03 
Error ( b )  12 0.52 0.18 0.13 0.19 0.08 0.61 




 1 3 for actual mean squares. 




Table B69. Treatment means for the Mn, Fe, B, Cu, Zn, Al, 
and Na concentrations (|ig/g) of grain sampled 
from the N-P-K experiment at 28 days after silk­
ing and at harvest of 1985 
Treat Stage (days after silking) 
ment R^+28 Harvest Mean LSD R^+28 Harvest Mean LSD 
Mn Fe 
Check 10.7 7.0 8.8 0. 6 26.0 28.7 27.3 
P 10.3 7.0 8.7 22.7 33.0 27.8 
NP 11.0 7.3 9.2 26.0 44.0 35.0 
K 9.3 7.0 8.2 24.3 36.8 30.6 
PK 8.0 6.7 7.3 23.0 34.0 28.5 
NPK 9.0 5.7 7.3 27.3 33.7 30.5 
Mean 9.7 6.8 24.9 35. 0 
LSD 1.0 4.4 
B Cu 
Check 2.7 1.0 1.8 0. 2 2.0 1.3 1.7 
P 2.7 1.0 1.8 2.0 1.0 1.5 
NP 3.0 1.0 2.0 2.0 1.3 1.7 
K 2.7 1.0 1.8 2.0 1.3 1.7 
PK 2.0 1.0 1.5 1.3 1.0 1.2 
NPK 2.7 1.0 1.8 2.3 1.7 2.0 
Mean 2.5 1.0 1.9 1.3 
LSD 0.3 0.6 
Zn Al 
Check 21.7 24.7 23.2 0. 9 3.5 4.0 3. 8 
P 21.0 22.3 21.7 3.3 5.7 4.5 
NP 21.7 21.0 21. 3 3.7 5.3 4.5 
K 21.0 24.3 22.7 4.0 5.3 4.7 
PK 19.0 20.7 19.8 4.7 5.0 4.8 
NPK 21.0 20.0 20.5 5.3 5.3 5.3 
Mean 20.9 22.2 4.1 5.1 
LSD 1.7 0.9 
Na 
Check 4.7 3.3 4.0 0. 7 
P 4.0 2.7 3. 3 
NP 3.0 4.7 3.8 
K 3.7 3.0 3.3 
PK 4.3 2.3 3.3 
NPK 2.0 3.0 215 





Table B70. Mean squares from the analysis of variance for the Mn, Fe, B, Cu, Zn, 
Al, and Na concentrations (|i.g/g) of grain sampled from the N-P-K ex­
periment at 28 days after silking and at harvest of 1985 
Source of Vv 1-
variation df^ Mn Fe^ B Cu Zn Al Na 
Rep 2 2.58* 4.09 0.44** 0.11 0.25 0.71 0.19 
N 1 0.00 16.90** 0.22* 0.89 0.67 1.44 0.89 
P 1 1.50 0.01 0.17 0.67 2.82** 0.79 0.67 
K 1 14.69** 0.58 0.25* 0.00 1.00* 3.76 4.00 
N*P*K 2 2.06 3.17 0.08 0.33 0.14 0.24 1.33 
Error (a) 10 0.58 1.17 0.04 0.21 0.18 0.53 0.89 
Stage (St) 1 78.03** 85.00** 23.36** 4.00** 1.47** 9.53** 1.78 
N*St 1 1.39 2.18 0.22 0.00 2.01** 0.24 14.22** 
P*St 1 0.67 2.26 0.17 0.00 0.42 0.15 0.67 
K*St 1 3. 36 0.26 0.25 0.11 0.00 2.41 0.11 
N*P*K*St 2 0.53 7.89 0.08 0.11 0.01 1.54 0.89 
Error (b) 12 0.75 2.27 0.11 0.14 0.14 0.51 0.94 
^Error (b) source of variation for Fe and Al has 11 df due to a missing 
value. 
10 for actual mean squares. 
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Table B71. Treatment means for the N, P, K, S, Ca, and Mg 
contents (kg/ha) of ear leaves sampled from the 
N-P-K experiment during the seed-filling period 
of 1985 
Treat- Stage (days after silking) 
ment R^+ 0 R^+14 R^+28 R^+42 R^+56 Mean LSD 
N 
Check 10.76 7.91 7.08 5.56 3.68 7.00 
P 11.62 9.34 7.82 6.96 3. 83 7.91 
MP 14.17 14.35 18.33 10.15 6.49 12.70 
K 9.60 7.23 6.09 3.83 2.74 5.90 
PK 10.56 9.79 7.98 6.05 3.46 7.57 







10.32 7.40 4.46 
LSD 1.38 
Check 0.78 0.68 
P 
0.62 0.53 0.30 0.58 
P 1.18 1.04 0.93 0.92 0.57 0.93 
MP 1.35 1.34 1.83 0. 81 0.51 1.17 
K 0.66 0.54 0.44 0.28 0.15 0.42 
PK 1.04 1.20 0.85 0.72 0.54 0.87 
NPK 1.34 1.64 1. 39 0.97 0.48 1.17 
Mean 1.06 1.07 1.01 0.71 0.43 
LSD 0.22 
U 
Check 5.02 4.52 4.08 2.99 1.82 3.69 
P 4.38 4.38 3.81 2.47 1.25 3.26 
NP 5.24 5.21 4.49 3.30 1.70 3.99 
K 7.53 6.55 6. 68 4.49 2.42 5.54 
PK 8.54 8.74 7.48 6.84 6.07 7.53 
NPK 8.73 9.23 8.56 7.80 6.10 8.08 
Mean 6.57 6.44 5.85 4.65 3.23 
LSD 1.02 
Check 0.71 0.55 
S 
0.61 0.76 0.59 0.64 
P 0.74 0.66 0.64 0.83 0.50 0.67 
NP 0.85 0.90 1.03 0.81 0.59 0.84 
K 0.61 0.50 0.48 0.48 0.37 0.49 
PK 0.64 0.62 0.56 0.65 0.57 0.61 
NPK 0.92 1.00 0.91 0. 84 0.59 0.85 
Mean 0.75 0.71 0.71 0.73 0.54 
LSD 0.12 
0.70 




Table B71. (Continued) 
Treat- Stage (days after silking) 
ment R^+ 0 R^+14 R^+28 R^+42 R^+56 Mean LSD 
Check 3.51 3.76 4.38 4.63 4.06 4.07 
P 4.38 4.54 5.21 6.01 4.70 4.97 
MP 4.39 4.78 6.58 5.72 6.01 5.50 
K 2.58 2.92 3.60 3.13 2.99 3.04 
PK 3.62 . 4.49 4.30 4.36 5.11 4.38 
NPK 4.19 5.17 4.60 5.27 5. 78 5.00 
Mean 3.78 4.28 4.78 4.85 4.78 
LSD 0.64 
Mg 
Check 3.43 3.22 3.76 3.97 3.04 3.48 
P 4.80 4.59 4.92 5.40 3.95 4.73 
MP 4.67 4.81 5.93 5.48 5. 03 5.18 
K 1.78 1.96 2. 37 2.01 1.78 • 1.98 
PK 2.84 3.07 2.88 2.65 3.14 2.91 
NPK 3.33 3.83 3.57 3.62 3. 67 3.61 
Mean 3.48 3.58 3.91 3. 86 3.44 
LSD 0.88 
Table B72. Mean squares from the analysis of variance for the N, P, K, S, Ca, and 
Mg contents (kg/ha) of ear leaves sampled from the N-P-K experiment 
during the seed-filling period of 1985 
Source of 
variation df pb K* Sb Ca Mg 
Rep 2 0.46 1.88 0.19 0.63 1.34 1.86 
N 1 39.43** 10.75** . 0.61 6.16** 5.01* 4.88 
P 1 2.50* 23.99** 0.93* 0.87 18.70** 17.86** 
K 1 0.31 1.33 26.11** 1.10 11.17** 59.93** 
N*P*K 2 0.39 0.52 1.37** 0.56 0.60 0.20 
Error (a) 10 0.29 0.73 0.16 0.22 0.62 1.18 
Stage (St) 4 17.04** 14.35** 3.57** 1.26** 3.81** 0.85* 
N*St 4 2.20** 3.76** 0.03 0.76** 0.48 0.20 
P*St 4 0.12 0.14 0.10* 0.04 0.20 0.08 
K*St 4 0.24 0.67** 0.00 0.16* 1.11** 0.88* 
N*P*K*St 8 0.32** 0.41* 0.07* 0.11* 0.58 0.23 
Error (b) 48 0.11 0.15 0.03 0.05 0.28 0.25 
10 for actual mean squares, 
^x 10 ^  for actual mean squares. 
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Table B73. Treatment means for the Mn, Fe, B, Cu, Zn, Al, 
and Na contents (g/ha) of ear leaves sampled 
from the N-P-K experiment during the seed-
filling period of 1985 
Treat- Stage (days after silking) 
ment R^+0 R^+14 R^+28 R^+42 R^+56 Mean LSD 
Mn 
Check 21 25 23 22 36 26 
P 25 27 27 32 27 28 
NP 32 44 35 54 38 41 
K 30 19 17 19 15 20 
PK 27 31 21 26 20 25 
NPK 38 44 35 41 27 37 
Mean 29 32 26 32 27 
LSD 6 
Fe 
Check 12.0 66 102 82 216 117 
P 133 80 85 105 282 137 
NP 93 85 69 103 223 115 
K 106 58 101 59 158 96 
PK 92 83 90 79 107 90 
NPK 117 111 130 131 137 125 
Mean 110 81 96 93 187 
LSD 19 
B 
Check 3.0 2.7 2.3 2.8 2.6 2.7 
P 3.5 3.5 2.5 4.1 3.6 3.4 
NP 4.9 4.6 4.3 3.5 3.6 4.2 
K 2.8 2.6 2.2 2.6 2.9 2.6 
PK 3.6 3.7 1.6 2.7 4.7 3. 3 
NPK 4.5 4.7 2.3 3.3 4.6 3.9 
Mean 3.7 3.6 2.5 3.2 3.7 
LSD 0.6 
• Cu 
Check 3.4 2.0 2.1 1.6 1. 8 2.2 
P 3.2 2.4 2.2 2.1 2.1 2.4 
NP 4.6 3.6 4.4 3.7 4.2 4.1 
K 3.0 2.1 2.1 1.0 1.2 1.9 
PK 3.0 2.9 2.4 1.9 1.5 2.3 
NPK 4.9 5.3 5.2 4.5 4.0 4.8 
Mean 3.7 3.1 3.1 2.5 2.5 
LSD 0.7 
451 
Table B73. (Continued) 
Treat- Stage (days after silking) 
ment R^+0 R^+14 R^+28 R^+42 R^+56 Mean LSD 
Zn 
Check 23 19 19 17 15 19 
P 18 16 16 15 12 16 
NP 24 23 16 21 23 21 
K 17 16 17 13 13 15 
PK 15 16 14 10 10 13 
NPK 25 26 25 22 18 23 
Mean 20 19 18 16 15 
LSD 4 
A1 
Check 104 44 87 61 214 102 
P 107 48 62 75 265 111 
NP 54 46 28 70 205 81 
K 91 36 90 47 157 84 
PK 68 48 67 61 84 66 
NPK 83 61 96 96 102 88 
Mean 85 47 72 68 171 
LSD 24 
Na 
Check 132 173 185 166 123 156 
P 172 285 260 230 84 206 
NP 128 207 120 197 106 151 
K 175 259 264 174 97 193 
PK 100 221 191 189 191 178 
NPK 126 276 204 233 219 212 
Mean 139 237 204 198 137 
LSD 117 
Table B74. Mean squares from the analysis of variance for the Mn, Fe, B, Cu, Zn, 
Al, and Na contents (g/ha) of ear leaves sampled from the N-P-K ex­
periment during the seed-filling period of 1985 
Source of 
variation df Mn^ Fe^ B Cu Zn^ Al^ Na^ 
Rep 2 5.27** 0.60 1.75 0.24 0. 31 1.32 28.67** 
N 1 23.96** 0.62 7.17** 64.28** 92.19** 0.29 0.17 
P 1 1.90 0.72 7.24** 1.82 9.87 0.29 0.47 
K 1 3.72* 8.21** 0.83 0.28 4.24 8.13* 1.24 
N*P*K 2 0.19 6.20** 0.11 2.06 6.22 5.18* 1.57 
Error (a) 10 0.61 0.57 0.59 0.70 2.46 0.85 2.06 
Stage (St) 4 1.39** 32.53** 4.48** 4.45** 8.37** 41.50** 3.45** 
N*St 4 1.63** 1.71 1.09** 0.63** 1.02 1.84 0.64* 
P*St 4 0.58 0.65 0.97** 0.28 0.17 0.71 0.19 
K*St 4 2.20** 11.41** 2.06** 0.94** 1.84* 13.40** 0.39 
N*P*K*St 8 0.42 1.16 0.63* 0.09 1.26* 1.38 0.56* 
Error (b) 48 0.29 1. 31 0.23 0.12 0.52 1.39 0.22 
10^ for actual mean squares. 
^x 10^ for actual mean squares. 
X 10 for actual mean squares, 
d 4 
X 10 for actual mean squares. 
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Table B75. Treatment means for the N, P, K, S, Ca, and Mg 
contents (kg/ha) of grain sampled from the N-
P-K experiment at 28 days after silking and at 
harvest of 1985 
Treat Stage (days after silking) 
ment R^+28 Harvest Mean LSD R^+28 Harvest Mean LSD 
N P 
Check 27.11 61.63 44.37 5. 73 4.84 10.85 7. 84 
P 34.13 72.55 53.34 7.31 17.37 12. 34 
NP 49.65 108.83 79.24 9.51 18.68 14. 09 
K 30.44 51.44 40.94 4.67 8.51 6. 59 
PK 34.64 78.79 58.71 7.67 18.41 13. 04 
NPK 60.99 126.82 93.91 11.72 22.32 17. 02 
Mean 40.16 83.34 7.62 16.02 
LSD 8.67 1.82 
K S 
Check 12.15 16.06 14.10 1. 51 1.84 4.08 2. 96 
P 15.96 22.75 19.36 2.21 4.96 3. 38 
NP 22.67 26.33 24.50 3.36 6.63 4. 99 
K 11.71 13.43 12.57 2.03 3.38 2. 71 
PK 16.58 24.55 20.56 2.59 5.45 4. 02 
NPK 28.73 30.73 29.73 4.09 7.52 5. 81 
Mean 17.97 22.31 2.69 5.34 
LSD 2.99 0.48 
Ça Mg 
Check 0.28 0.49 0.39 0. 06 2.06, 4.76 3. 41 
P 0.46 0.62 0.54 2.83 6.82 4. 82 
NP 0.44 0.77 0.60 3.91 7.93 5. 92 
K 0.33 0.42 0.38 2.09 3.95 3. 02 
PK 0.27 0.68 0.47 2.95 6.81 4. 88 
NPK 0.40 0.91 0.65 4. 65 9. 36 7. 00 
Mean 0.36 0.65 3.08 6.61 
LSD 0.08 0.76 
Table B76. Mean squares from the analysis of variance for the N, P, K, S, Ca, 
and Mg contents (kg/ha) of grain sampled from the N-P-K experiment at 
28 days after silking and at harvest of 1985 
Source of Vk 
variation df p K S Ca^ Mg 
Rep 2 0.05 0.11* 0.28* 0.13 0.39 0.39 
N 1 11.09** 2.51** 8.76** 34.74** 26.38** 47.18** 
P 1 1.07** 1.80** 2.63** 5.63** 9.14** 16.04** 
K 1 0.28* 0.06 0.24 0.99* 0.06 0.56 
N*P*K 2 0.25* 0.13* 0.35* 0.88* 0.98 1.70* 
Error (a) 10 0.05 0.02 0.05 0.14 0.34 0.35 
Stage (St) 1 16.78** 6.36** 1.69** 63.19** 73.13** 111.67** 
M*St 1 1.68** 0.10 0.10 2.21** 7.95** 3.20* 
P*St 1 0.20 0.45** 0.31* 1.52** 2.81* 4.08** 
K*St 1 0.01 0.00 0.02 0.09 2.39 0.02 
N*P*K*St 2 0.08 0.03 0.02 0.26 2.92* 0.44 






for actual mean squares. 
10^ for actual mean squares. 
^x 10" 2 for actual mean squares. 
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Table B77. Treatment means for the Mn, Fe, B, Cu, Zn, Al, 
and Na contents (g/ha) of grain sampled from the 
N-P-K experiment at 28 days after silking and at 
harvest of 1985 
2^eat Stage (days after silking) 
ment R^+28 Harvest Mean LSD R^+28 Harvest Mean LSD 
Mn Fe 
Check 19.8 34.0 26.9 2. 7 49.7 141.7 95.7 
P 23.7 43.4 33.5 52.0 204.6 128.3 
NP 36.8 56.3 46.6 87.3 337.7 212.5 
K 18.9 29.6 24.3 49.3 143.7 96.5 
PK 21.5 45.3 33.4 61.6 231.9 146.7 
NPK 35.8 50.9 43.4 108.5 304.3 206.4 
Mean 26.1 43.3 68.1 227.3 
LSD 7.2 40.1 
B ÇU 
Check 5.0 4.9 5.0 1. 0 3.7 6.2 4.9 
P 6.1 6.2 6.1 4.6 6.2 5.4 
NP 10.1 7.7 8.9 6.7 10.2 8.4 
K 5.4 4.2 4.8 4.1 5.5 4.8 
PK 5.4 6.8 6.1 3.5 6.8 5.1 
NPK 10.6 9.1 9.8 9.1 15.0 12.1 




LSD 1.3 2.9 
Zn Al 
Check 40.1 120.0 80.0 7. 9 8.1 19.8 13.9 
P 48.2 138.5 93. 3 7.7 35.1 21.4 
NP 72.6 160.9 116.8 12. 3 40.8 26.5 
K 42.5 102.8 72.6 8.1 22.4 15.2 
PK 41.0 140.8 95.9 12.4 34.1 23.2 
NPK 83.6 181.0 132.3 21.4 48.4 34.9 
Mean 56.3 140.7 11.7 33.4 
LSD 10.2 5.3 
Na 
Check 8.4 15.0 11.7 3. 7 
P 9.2 16.5 12.8 
NP 10.1 35.8 22.9 
K 7.5 12.8 10.2 
PK 11.5 15.9 13.7 . 
NPK 8.0 27.5 17.7 
Mean 9.1 20.6 
LSD 5.4 
Table B78. Mean squares from the analysis of variance for the Mn, Fe, B, Cu, Zn, 
Al, and Na contents (g/ha) of grain sampled from the N-P-K experiment 
at 28 days after silking and at harvest of 1985 
Source of 
variation df^ Mn^ Fe^ B Cu'^  Zn® Al^ Na^ 
Rep 2 0.60 0.25 •0.47* 0.72 0.17 0.10 0.09 
N 1 19.08** 6.95** 11.83** 21.56** 12.21** 11.22** 5.44** 
P 1 3.74** 1.22* 0.86* 0.10 2.01** 3.09** 0.33 
K 1 0.35 0.00 0.06 1.01 0.12 1.20* 0.34 
N*P*K 2 0.08 0.07 0.11 1.47 0.40* 0.51 0.28 
Error ( a) 10 0.31 0.10 0.10 0.51 0.06 0.17 0.18 
Stage (St) 1 26.54** 22.61** 0.34 8.33** 64.03** 42.46** 11.84** 
N*St 1 0.00 1.67** 0.85* 1.23 0.33 1.36* 5.61** 
P*St 1 1.30** 0.64* 0.31 0.04 0.60* 1.72* 0.00 
K*St 1 0.04 0.03 0.03 0.24 0.03 0.07 0.27 
N*P*K*St 2 0.17 0.11 0.13 0.27 0.16 0.12 0.05 
Error (b) 12 0.14 0.11 0.17 0.35 0.12 0.19 0.26 
^Error (b) source of variation for Fe and Al has 11 df due to a missing value. 
10^ for actual mean squares. 
c 4 X 10 for actual mean squares. 
"^ x 10 for actual mean squares. 
0 2 
x 10 for actual mean squares. 
